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(54) ANALYZER 

(57) An analyzer characterized by comprising a chip 
and a detector, wherein the chip is an organic polymer 
member having a fine capillary through which a fluid 
sample or a fluid sample and a fluid reagent flow and 
can perform a chemical reaction on the sample in the 
capillary without using a separate weighing means, and 
the detector is a photothermal conversion detector for 
measuring a physical quantity change such as a refrac- 



tive index change caused by a partial temperature 
change of the sample and the reagent by applying an 
excitation light to a substance to be measured produced 
by the chemical reaction, thereby providing a small ana- 
lyzer excellent in chip waste-disposal, capable of ana- 
lyzing inexpensively, simply and in a short time and 
being suitable for a POC analysis. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an analyzer 5 
for simply analyzing and detecting a trace amount of 
samples. 

BACKGROUND AfTT 

10 

[0002] Attention is given to the Importance of per- 
forming analysis or measurement at or near locations 
where analysis or measurement is required (hereinafter 
referred to generally as "POC analyses etc."), such as 
analysis for bedside diagnosis performing measure- 75 
ment necessary for medical diagnosis near a patient 
(POC (point of care) analyses), analysis of hazardous 
substances in rivers and wastes at locations such as riv- 
ers, dumping grounds and the like, and inspection of 
contamination in each location of cooking, harvesting, 20 
and importing foods, and emphasis is currently put on 
the development of detection methods and equipment 
applied to these POC analyses etc. These POC analy- 
ses etc. are required to be performed simply, in a short 
time and inexpensively. 25 
[0003] As for conventional micro analysis methods, 
GCMS equipment and LCMS equipment for quantifying 
samples by a mass spectrometer after separating the 
sample by capillary gas chromatography (CGC), capil- 
lary liquid chromatography (CLC) and the like have 30 
been generally used. However, these analyzers are not 
suitable for use in such measurement locations as the 
bedside of patients, contaminated rivers and dumping 
grounds because mass spectrometers are large in size 
and operations are complicated. Furthermore, for ana- 35 
lyzers for use in medical diagnosis using blood and the 
like as samples, it is desirable that sample contacting 
portions are disposable. 

[0004] To solve these problems, a concept of analy- 
sis method generally called pTAS (micro total analysis 4o 
system) intended to make conventionally used analyz- 
ers smaller and carry out reaction and separation of 
samples using chips of a few centimeter square includ- 
ing capillaries to perform electrophoresis for simply per- 
forming micro analysis has been proposed (Sensors 4S 
and Actuators, B1 (1 990), 244-248, A. Manz et al.). This 
\iTAS has advantages that the amount of samples and 
reagents required for detection of components and the 
amount of wastes and effluent waste of consumable 
items used for detection and the like are reduced, and so 
detection can be done in a short time. 
[0005] The jxTAS is constituted by samples consist- 
ing of liquids, gases and the like in the chip (hereinafter 
refen-ed to as "fluid"), means for transporting reagents 
and means for achieving their reactions, etc. in addition ss 
to the aforesaid chips and analysis methods, for each of 
which research is being performed. However, each of 
them has disadvantages as describe below, and a com- 



prehensive jiTAS combining all of these components is 
not completed yet in the present circumstances. 
[0006] For example, materials fonning capillary are 
generally glass and silicon that can be finely processed 
with high accuracy (For example, Japanese Patent 
Laid-open No. 2-245655), but they also have disadvan- 
tages that the process cost is high and careful handling 
is required because they are apt to break, and the like. 
Furthermore, as described above, for use in medical 
diagnosis and the like, it is desirable that chips are dis- 
posable because they contact samples originated from 
patients such as blood etc., but materials such as glass 
and silicon are incombustible, thus raising problems 
also in waste treatment. As research intended to solve 
these problems arising when glass and silicon are used, 
a method in which chips are produced from resin (R. M. 
McCormick et al./Anal. Chem. Vol. 69. No. 14 (1997) 
2626-2630, Japanese Patent Laid-Open No. 2-259557, 
Japanese Patent No. 2639087 (Registration: April 25, 
1997, Shimadzu Corp.). The method of producing resin 
chips includes a method in which the surface of Si-wafer 
is processed applying semiconductor fine processing 
technology, followed by electrocasting Ni and removing 
Si by dissolution and the like to fabrfcate a master proc- 
essed with resin, and then acrylic resin or the like is 
injection-molded using the above described master as a 
matrix to mold chips (Analytical Chemistry 69, 2626- 
2630 (1 997) (Aclara Biosciences)). 
[0007] In this way, chips made of resin are excellent 
in disposability and mass- p rod ucibility but have prob- 
lems as described below if fluorescent methods, 
absorptiometric methods and the like used in conven- 
tional detection equipment are adopted as means for 
detecting substances in the chip as in case of glass and 
silicon. 

[0008] Prior arts will be further described below 
with emphasis on detection equipment 
[0009] Methods of analyzing samples flowing In the 
capillary generally include fluorescence spectroscopic 
methods (for example, B.C. Jacobson et al., Anal. 
Chem. Vol. 66, 4127-4132, 1994, Japanese Patent 
Laid-Open No. 2-245655), absorptiometric methods (for 
example. N. Kuroda et al., J. Chrom atogr., Vol. 798, 
325-334, 1 998), and chemical luminescent methods (for 
example. M. F. Regehr et aL. J. Capillary Electrophor, 
VoL3, 117-124, 1996). 

[0010] Of these methods, the chemical luminescent 
method and fluorescent method are methods in which a 
substance to be detected is changed into a compound 
in excited state in the presence of a catalyst such as an 
oxidizer and energy emitted as light when the com- 
pound changes from this state to a ground state is 
detected (in case of fluorescent method, energy is 
transferred to an energy acceptor coexisting with the 
excited compound and the energy emitted when this 
acceptor changes from an excited state to a ground 
state is detected). On the other hand, the absorptiomet- 
ric method is a method in which light is introduced in a 
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solution containing a substance to be detected for 
nneasuring the intensity of transmitted light and deter- 
mining the ratio of the intensity of the transmitted light to 
the intensity of the incoming light. As for sensitivity, it is 
generally said that the ranking is, from lowest to highest, 5 
the absorptiometric method, the fluorescent method 
and the chemical luminescent method. 

[0011] As major chemical luminescent reactions, 
methods by lumlnol and lucigentne have been known for 
a long time. Also, the chemical luminescent reaction has 10 
advantages such as high speed and high sensitivity and 
relatively inexpensive equipment because no light 
source is required for detection, but it has disadvan- 
tages that luminescence is rapidly decayed, reagents 
for use are unstable, the background is high and so is 
forth. 

[0012] In a similar way, the fluorescent method has 
an advantage that its reaction system has been know 
for a long time, but it requires the source of excitation 
light as an optical system and optical filters for separat- 20 
ing excitation light and fluorescence, and the like. 
[0013] Also, these methods using luminescent phe- 
nomena have a problem of poor light-intercepting effi- 
ciency because emitted light is diverged in all directions. 
In case of fluorescent method, general versatility is not 25 
high because the yield of emitting fluorescence is low 
and it is necessary to establish a reaction system for 
converting an object substance to be measured into a 
limited fluorescent substance. 

[0014] In particular, In the field of clinical investiga- 30 
tion for medical diagnosis, since integration of meas- 
ured values into those with standard methods defined 
by academic societies and the like is in progress, sub- 
stantial changes in measurement systems may raise 
problems. 35 
[0015] Also, the absorptiometric method has a dis- 
advantage that it is necessary to make the length of 
optical path large so as* to obtain accurate results and 
particularly long optical path is obtained for detecting a 
trace amount of samples, thereby making the structure <o 
of detection cells complicated, because the ratio of 
incoming light to transmitted light is detected in princi- 
ple. 

[0016] In this way, the detection with conventional 
absorptiometric methods and fluorescent methods 4S 
using cuvettes and the like can be carried out using rel- 
atively small equipment, but the measurement with 
chips equipped with capillaries intended for application 
to the POC analyses etc. allows only small length of 
optical path because the diameter of the capillary is so 
reduced, and only low sensitivity can be obtained. 
[0017] Methods in which light is not applied to the 
capillary vertically but is applied in the flow direction in 
order to make the length of optical path larger have 
been proposed (for example. Japanese Patent Laid- ss 
Open No. 8>304339), but these methods have a disad- 
vantage that detection in the flow direction is not easy in 
case of capillaries formed on the plane chips and the 



chip structure and the structure of detecting portions 
are more complicated. 

[0018] As another method of detecting a trace 
amount of components, the photothermal detection 
method (thermal lens detection method) has been long 
known in which samples in liquid are excited with an 
excitation light to form so-called thermal lens and 
changes in the thermal lens are measured with a detec- 
tion light (Japanese Patent Latd-Open No. 60-174933, 
A. C. Boccara et al., Appl. Phys. Lett. 36, 130, 1980). 
[0019] In the photothermal detection method, a 
thermal lens with thickness of about 0.1 ^m to 1 mm Is 
usually formed by excitation light. In case sufficient 
length of optical path, for example, about 1 cm can be 
provided, the photothermal detection method is not usu- 
ally used because two kinds of light sources, i.e. excita- 
tion light and detection light are usually required, in 
contrast to the absorptiometric method and fluorescent 
method. Also, the excitation light and detection light are 
made coaxial and are let in the capillary, thus causing 
the equipment to be complicated. However, methods in 
which two lasers are not made coaxial but made to 
cross or face each other (J, Liquid Chromatography 12, 
2575-2585 (1989). Japanese Patent Laid-Open No. 10- 
142177 {Molecular Biophotonics)) and methods in 
which one laser is diverged for use and the shift in focal 
position itself due to photothermal conversion is 
detected (Japanese Patent Laid-Open No. 4-369467 
(Yokogawa Electric Corp.)) have also been proposed. 
[0020] One example of photothermal detection 
methods using Ar laser and He-Ne laser is a method in 
which a sample is placed on a glass plate and sand- 
wiched with another glass plate (Anal. Chem. 65, 2938- 
2940 (1993)). 

[0021] Furthermore, there is an example that appli- 
cation has been made from the outside of a plane chip 
comprising capillaries to an analyzer that sends liquid 
using pumps. (Analysis No. 4, 280-284, 1997, M. 
Harada et al.. Anal. Chem. Vol. 65. 2938-2940. 1993, 
Kawanishi et al., Japan Analytical Chemistry, Abstracts 
of 44th Annual Meeting, p.1 1 9, 1 995, etc.) 
[0022] These photothermal detection methods are 
mainly intended to improve local absolute sensitivity as 
of "How many molecules can be detected." Thus, meth- 
ods are dominating in which laser is focused as much 
as possible, the excitation light is concentrated in a 
small volume and the thermal lens occurring in the 
micro space is detected. 

[0023] Furthermore, among these examples, those 
showing a concept that chemical reaction systems such 
as reaction tanks, fluid control elements and detecting 
portions are integrated in a chip (Journal of Japan 
Mechanics Association 100. 615-617 (1997), Sen- 
sor/Actuator/Week 1997 General Symposium Abstracts 
"Microsensor* Session 3, pp. 19-23 (April 17, 1997)) are 
also found. Furthermore, in these examples, capillaries 
are formed and thus glass is used as a material for mak- 
ing grooves on the surface. 
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[0024] In case silicon and glass are used as materi- 
als for chips, etching protection coats (Cr etc.) are 
formed in thickness of several thousand A on a sub- 
strate made of glass, quartz or Si substrate using a 
technique such as vacuum evaporation, and patterning 
resists are applied thereon using a spinner. Then, the 
resist is exposed to ultraviolet light using a mask for 
photolithography, followed by carrying out development 
(removing a non-cured portion with a solvent) pattern- 
ing resulting in a desired shape. Next, using the pat- 
terned resist as an etching mask, the etching protection 
coat is dissolved and removed with potassium fen-icya- 
nide solution and the like resulting in patterning. Next, 
using the patterned resist and the etching protection 
coat as masks, the substrate is etched with hydrofluoric 
acid solution, for example, to form a groove. Then, the 
resist and the protection coat are etched away. Also, in 
addition to the above described substrate, a substrate 
such as glass provided with through holes using a tech- 
nique such as ultrasonic processing is prepared. Finally, 
after the substrate provided with grooves and the sub- 
strate provided with through holes are laminated with 
the groove being at the inner side thereof and the lami- 
nated substrates are heated, for example, in a vacuum 
furnace (in case both of them are glass plates, at 
around 600°C for several hours), followed by leaving 
them to cool for fusion to produce the chip. 
[0025] As described above, in case of glass, a 
groove must be fomned on plane glass one by one to 
produce chips using a method as an extension of a 
technique for producing semiconductor integrated cir- 
cuits (a combination of photolithography technique and 
etching technique). Also, in the process of production, 
many hazardous chemicals are used, and the produc- 
tion process takes long hours and requires expensive 
large equipment for use in production of semiconduc- 
tors and the like. Furthermore, the above described chip 
made of glass has a disadvantage that it is apt to splin- 
ter and should be handled carefully. 
[0026] Furthermore, for use in medical diagnosis 
and the like, the chip may be contacted by samples orig- 
inated from patients such as blood, and it is desirable 
that the above described chip is made disposable, but 
glass material is incombustible, thus raising problems 
also in waste disposal. Therefore, it is not suitable for 
POC analyses etc. requiring inexpensiveness. 
[0027] On the other hand, for medical diagnosis, 
the concentrations of a variety of substances in samples 
originated from biological bodies such as blood, urine 
and cerebrospinal fluid are widely detected quantita- 
tively or qualitatively. Items to be detected in samples 
originated from biological bodies include the enzyme 
activity of GOT GPT. y-GTP and ALP. total cholesterol, 
triglyceride, glucose, hemoglobin A1c (HbAlc), and fur- 
ther proteins such as creatinine kinase, C reactive pro- 
teins (CRP) and cytokinins, antigens originated from 
bacteria and virus and antibodies against them. 
[0028] Detection of these substances to be 



detected is performed by reacting the sample with an 
enzyme and antibody specific to the substance to be 
detected to thereby convert the substance ultimately to 
a substance (coloring dyes, fluorescent substances, 
5 luminescent substances, etc.) that can be detected by 
absorbance, fluorescence, chemical luminescence and 
so forth and determining the amount of the final sub- 
stance (Ogawa, Z. et al.. Clinical Investigation, 41 :981 
(1997), Kanno, T, Clinical Investigation, 42:309 (1998)). 
10 [0029] These detection reactions are carried out by 
weighing a fixed amount of a sample and one kind or 
more of reagent solutions respectively and mixing them 
to implement reaction at a predetermined temperature 
for fixed time period. 
15 [0030] In central laboratories of major hospitals and 
automatic analyzers adopted by clinical examination 
companies, a fixed volume or weight of samples and 
reagent solutions are weighed respectively with auto- 
matic pipettes. Also, in case of manual analysis, exam- 
20 iners weigh a fixed amount of samples and solutions 
using pipettes and quantitative capillaries. 
[0031] Examination of contamination for food is per- 
formed in a similar way (Japanese Patent Laid-Open 
No. 4-64063, Method of Detecting Food Contaminating 

25 Bacteria). 

[0032] In case of determining the amount of envi- 
ronmental pollutants, various kinds of reagents are 
often made to react using river water and soil extracts 
as samples to detect object substances (Japanese Pat- 
30 ent Laid-open No. 9-72898, Method of Analyzing Soils). 
[0033] Methods in which these reactions for detec- 
tion are carried out in the chip, that is, some reactive 
reagents and standard reagents are mixed with sam- 
ples in the chip to implement reaction, and the post- 
35 reaction sample is analyzed include methods described 
below. 

[0034] One of them is a method in which predeter- 
mined amounts of the sample and reagent solutions are 
weighed outside the chip and are then injected in the 
40 chip. Also, there Is a method in which a predetermined 
volume of channel (reservoir) such as messcylinder is 
provided in the chip and delivered liquid is controlled 
accurately by means of combination of a pump with 
valves or applying electric field, thereby weighing and 
45 mixing the sample and reagent solution in the chip (for 
example, A. Manz et al.. Trends Anal. Chem.. Vol. 10, 
144^ 1991). Furthermore, there is a method in which the 
sample and reagent solution are poured into the cham- 
ber and are mixed to implement reaction, followed by 
50 weighing a fixed amount of them to separate compo- 
nents and analyzing quantitatively the amount of each 
of the separated components (S. C. Jacobson et al., 
Anal. Chem.. Vol. 6, 4127,1994). In any of these meth- 
ods, a process of weighing the sample and reagent 
55 solution or their mixture is required, and a method in 
which analysis is carried out while delivering liquid con- 
tinuously at a constant flow rate ratio has not been pro- 
posed. 
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[0035] On the other hand, a concept of mixing two 
liquids in a predetermined ratio without weighing opera- 
tions has also been proposed (US 5785831 (HP), Japa- 
nese Patent LaidOpen No. 8-261986 (Japanese Patent 
of corresponding to US 5785831)). However, the con- 
cept is to simply mix two liquids in the diverged channel, 
and it does not include a concept of carrying out prede- 
termined chemical reaction continuously and using the 
reaction for detection of specific substances. Similarly, 
methods in which among two laminar flows contacting 
each other at a predetermined flow rate, interaction 
near the interface Is used have also been proposed 
(WO 9739338, USP 5716852. WO 9747390). However, 
also in this case, it is basically means for extracting or 
measuring necessary molecules and particles using dif- 
ference in diffusion rate due to difference in sizes of par- 
ticles and molecules contained in each flow, and is not 
to implement predetermined chemical reaction. 

[0036] Also, there are examples of carrying out nec- 
essary chemical reactions without weighing operations 
(J. Micromech, Microeng. 4, 246-256 (1994), Verpoorte 
E.MJ.. // Manz A., de Rooij N. R INTERFACIAL 
DESIGN AND CHEMICAL SENSING. Chapter 21 pp. 
244-254, America Chemical Society (1994)). That is. 
two or more chips made of silicon having grooves on the 
surface are overlaid on one another to form the capillary 
and reactive reagent solution is delivered by a pump to 
the capillary at a constant flow rate, thereby mixing the 
sample solution with the reactive reagent solution at a 
predetermined ratio and implementing reaction in the 
capillary. 

[0037] However, in this method, the sample solution 
is simply mixed with the reactive reagent solution at a 
predetermined ratio, and for actual implementation 
processes, it is not substantially different from the batch 
system in which the sample solution and the reactive 
reagent solution are put in a mixing tank at a predeter- 
mined ratio. 

[0038] Furthermore, in a structure like this having a 
plurality of chips overlaid on one another, a channel has 
a three-dimensional structure, thus making rt difficult to 
go up step by step In the channel and obtain measured 
values at variety of reaction time. That Is, quantification 
can be done at the endpoint of the enzyme reaction, but 
it is difficult to do quantification in a rate assay in which 
the amount of enzyme is determined from the reaction 
rate. 

[0039] For analyzers, research and development 
aimed at POC analyses etc. Is currently in progress, 
including the fact that chips comprising capillaries have 
been proposed. However, as described above, the 
material of chip comprising capillaries is generally glass 
and silicon to which fine processing can be applied with 
high accuracy. Therefore, the cost for processing Is high 
and there are also disadvantages that the chip is apt to 
splinter and careful handling is required, and so on. Fur- 
thermore, for use in medical diagnosis and the like, the 
chip may be contacted with samples originated from 



patients such as blood, and it is thus desirable that the 
chip comprising a capillary is disposable, but glass 
material is incombustible thus raising problems also in 
waste disposal. 

5 [0040] Also, considering an analyzer combining 
channel equipment and detection equipment, for a 
method using luminescent phenomena, light-intercept- 
ing efficiency is not high because emitted light is 
diverged in all directions. 
,10 [0041] Of methods using luminescent phenomena, 
chemical luminescent reactions have advantages of 
high speed and high sensitivity and of relatively inex- 
pensive equipment because no light source is required 
for detection, but have disadvantages that lumines- 

75 cence is rapidly decayed, reagents are unstable, the 
background is high, and so forth. 

[0042] Furthermore, in a similar way, the fluores- 
cent method has an advantage that its reaction system 
has been know for a long time, but it requires as optical 

20 systems excitation light sources and optical filters for 
separating excitation light from fluorescence, and so on. 
[0043] Also, the fluorescent method is not suitable 
for the case in which a trace amount of sample in a fine 
capillary for use In the present Invention Is detected 

25 because the yield of emitting fluorescence is low and so 
on. 

[0044] Also, the absorptiometric method has a dis- 
advantage that it is necessary to make the length of 
optical path large so as to obtain accurate results and 
30 parttoularly long optical path is obtained for detecting a 
trace amount of samples, thereby making the structure 
of detection cells complicated, because the ratio of the 
incident light to the transmitted light is detected In prin- 
ciple. 

35 [0045] In this way, for analyzers detecting a trace 
amount of sample In the fine capillary for use in the 
present invention, those that are easy for handling and 
economical, and are capable of performing analysis of 
high sensitivity, and can be downsized are not available, 

40 and analyzers suitable for POC analyses etc. are 
desired in the present circumstances. 
[0046] On the other hand, detecting paper that ena- 
bles the value of blood sugar and the like to be detected 
by dissolving solid reagents (freeze-dried reagents or 

45 paper and fiber Impregnated with a predetermined 
amount of reagents) in the sample using only plasma 
are on the market. These solid reagents are convenient 
because it is not necessary to weigh reagents, but have 
a disadvantage that they are poor in quantitative accu- 

50 racy compared to liquid reagents. 

[0047] Furthermore, methods in which the sample 
and reagent are weighed outside the chip and are 
injected into the chip thereafter to implement reaction 
for detection not only require much manpower but also 

55 produce wastes in addition to wastes of chips. Also, In 
case man does not weigh the sample and reagent, a 
weighing system is required in addition to the chip, thus 
leading to large scale equipment as a whole. Further- 
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more, it is necessary to provide acliannei in the chip for 
weighing the sample and reagent, thereby making the 
channel in the chip more complicated and leading to 
high costs. Also, these methods have a disadvantage 
that introduction of the operation of weighing the sample 
and reagent causes the process of analysis to be more 
complicated without distinction of inner and outer sides 
of the chip. Furthermore, the prior art requires addi- 
tional means for adjusting timing for each process that is 
continuous and needs to control time accurately, 
because of the batch-type sample' process and detec- 
tion. 

DISCLOSURE OF THE INVENTION 



[0048] An analyzer of the present invention consists 
of a chip comprising a capillary, which is easy for han- 
dling, capable of having a complicated structure and 
excellent in safety, disposability and mass-producibility, 
and detection equipment that is easily downsized and is 
able to detect a trace amount of components with high 
sensitivity. Then, an object is to provide an analyzer that 
is excellent in operabillty. compact and inexpensive, 
wherein predetermined mixing and chemical reaction 
are performed only in the capillary of the chip without 
weighing samples and reagents and so on separately, 
and it is not necessary to adjust timing delicately for 
each process across all processes. 
[0049] The present invention uses at least in part an 
organic polymer, as material of the chip comprising the 
capillary in which a fluid flows. The chip made of organic 
polymer that is molded with good accuracy of size is 
suitable for micro analysis, can be produced inexpen- 
sively and can easily be disposed by incineration, and 
is thus useful as a disposable chip. Furthermore, the 
chip is easy for handling, capable of having a compli- 
cated structure, and is excellent in safety and mass-pro- 
ducibility. 

[0050] Also, in this applied invention, the flow rate of 
a fluid-like sample and fluid-like reagents in the capillary 
formed in the chip made of organic polymer are control- 
led at predetermined values respectively, and these flu- 
ids are flowed continuously, thus merging the fluid-like 
sample with the fluid-like reagent at a predetemnined 
ratio of flow rate. After merger, the capillary having 
length necessary and sufficient for allowing the fluids to 
flow for a time period required for mixing and reaction in 
a predetermined flow rate is provided to perform prede- 
termined operations such as mixing, dilution and chem- 
ical reaction. By this means, predetermined operations 
such as mixing and dilution of a plurality of fluids can be 
performed without canning out weighing (without dis- 
tinction of inner and outer sides of the chip), allowing the 
necessary chemical reaction to be Implemented accu- 
rately and simply, without requiring delicate adjustment 
of timing for each process across all processes. 
[0051] Also, when the post-reaction product pro- 
duced by the above described means is irradiated with 



excitation light focused by an objective lens and the like, 
change in physical quantity accompanying partial 
change in temperature (photothemnal effect) due to 
excitation and absorption, more specifically change in 
5 refractive index occurs. With this analyzer comprising 
detection equipment {thermal lens detection equip- 
ment) that measures this change in refractive index 
using detection light and the like irradiated in addition to 
the excitation light, it has been possible to measure the 
10 concentration of substances to be detected and the like 
that was difficult to measure with prior arts because of 
the length of the optical path being as small as vertical 
width of the chip (the angle is not necessarily a right 
angle to the chip surface), namely as small as the depth 
15 of a groove (about 1 to 1000 \vrc\). 

[0052] However, the thermal lens detection method 
conventionally used is a general-purpose method of 
detecting substances in micro spaces, but in this 
method, in order to improve absolute sensitivity of how 
20 many molecules can be detected at minimum, the exci- 
tation light is focused wherever possible by the objective 
lens and the like and is converged in the sample solu- 
tion, thus reducing the thickness of the thermal lens to 
be formed. 

25 [0053] For example, in one of conventional thermal 
lens detection methods, "Development of Integrated 
Liquid Phase Chemical Analysis System Using Micro 
Channel on Glass Substrate and Thermal Lens Micro- 
spectrometry (I)" (Japan Analytical Chemistry, Abstracts 
30 of 44th Annual Meeting. p.1 19. 1995) by Kawanishi et 
al., it is described that the beam diameter of excitation 
light near the focus is reduced to about 4 ^im by setting 
the magnification of a microscope to 70 times, and the 
beam diameter of excitation light can be further reduced 
35 to the order of sub-micron by setting the magnification 
of a microscope to 280 times. However, in these con- 
ventional thermal lens detection methods, concentra- 
tion sensitivity of determining the amount of substances 
in a certain volume of the sample solution is low. 
40 [0054] For medical diagnosis and environmental 
analysis, it is important that the concentration sensitiv- 
ity, not absolute sensitivity, is high. Then, the inventors 
of the present invention and so on have found that the 
concentration sensitivity is increased by reducing the 
45 condensed degree of excitation light and enlarging the 
thermal lens to approximately the cross-sectional area 
of the channel in contrast to conventional thermal lens 
detection methods, thus making it possible to detect 
substances with high sensitivity even in a capillary hav- 
50 ing a small cross-sectional area that allows a stable 
electroosmotic flow. 

[0055] Also, when the chip made of organic poly- 
mer comprising a capillary was applied to the above 
described thennal lens detection equipment, the back- 
55 ground signal of output in the themial lens detection 
method was increased depending on materials of chips. 
In case of glass material that has been used conven- 
tionally, glasses of which transmittance excluding 
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reflected laser for use in the thermal lens detection 
method (for example. He-Ne laser (wavelength: 633 
nm). Ar laser (wavelength: 488 nm), semiconductor 
laser (for example, wavelength: 780 nm)} is not lower 
than 99% or almost equal to 100% are easily obtained 5 
as normally available commercial Items. Thus, prob- 
lems have not been raised in implementing the thermal 
lens detection method. 

[0056] However, concerning the organic polymer, 
normally available commercial items contain additives, 10 
plasticizers. stabilizers and the like, and those having 
high transmittance as glass are not generally available. 
Therefore, it has been found that base materials made 
of organic polymer applicable to the thermal lens detec- 
tion equipment are limited. In particular, it is absorption 15 
of the excitation light and the like in the optical path of 
the excitation light and the like that has strong influence 
on the thermal lens detection equipment Then, an 
acceptable range of the absorption amount has been 
acquired by experiments. 20 
[0057] That is, the analyzer relating to the present 
invention is an analyzer for flowing fluid-like samples or 
fluid-like samples and fluid-like reagents in a capillary to 
analyze predetermined components in the above 
described samples or the mixed fluid of the above 25 
described samples and the above described reagents, 
characterized in that the analyzer consists of a chip con- 
figured at least partially by organic polymer and com- 
prising the above described capillary and photothermal 
detection equipment for Irradiating the above described 30 
predetermined components with an excitation light to 
measure change in physical quantity accompanying the 
resultant partial change in temperature in the above 
described capillary. 

[0058] Furthermore, the fluid in the present inven- 35 
tion means substances having fluidity, in addition to liq- 
uid and gas. 

[0059] Also, as for the fluid-like sample to be flowed 
in the capillary, only the sample may be flowed, and the 
sample may be mixed with a fluid-like carrier to be 40 
flowed or the sample may be mixed with a fluid-like rea- 
gent to be flowed as long as the mixed product is a fluid. 
[0060] They may be mixed before they are supplied 
to the capillary, or each of them may be supplied to the 
capillary individually and then mixed in the capillary. 45 
[0061 ] The above described chip can be constituted 
by laminating a pair of plane plate members at least one 
of which comprises grooves on the plane surface and at 
least one of which is made of organic polymer, with the 
above described plane surface comprising grooves so 
being at inner side thereof. 

[0062] Furthermore, for a pair of the above 
described members, both of them may be made of 
organic polymer, or only one of them may be made of 
organic polymer. IHowever it is desirable that the above 55 
described plane plate member which comprises 
grooves is made of organic polymer. 
[0063] Also, considering the above described 



change in physical quantity as change in refractive 
index, the above described photothermal detection 
equipment may be an equipment for letting detection 
light in a thermal lens fomied by the above described 
change in refractive index to measure the change in the 
above described detection light caused by the above 
described thermal lens. 

[0064] It Is desirable that the member constituting 
the above described chip does not cause the substan- 
tial effect of photothermal effect by absorbing the above 
described excitation light. 

[0065] For example, it is desirable that the member 
constituting the above described chip has absorptance 
of the above described excitation light being 5% or less. 
[0066] Furthermore, it is desirable that the con- 
densed degree of the above described excitation light is 
already adjusted so that the partial change in tempera- 
ture in the above described capillary occurs in a range 
in which concentration sensitivity sufficient for analyzing 
the above described predetemnined components can be 
obtained. 

[0067] However, more preferably, the optical axis of 
the above described excitation light is perpendicular to 
the direction of flow of the above described sample and 
the above described mixed fluid, and the condensed 
degree of the above described excitation light is already 
adjusted so that the partial change in temperature in the 
above described capillary occurs in a range in which 
concentration sensitivity sufficient for analyzing the 
above described predetermined components can be 
obtained, in a cross section perpendicular to the above 
described direction of flow and including the above 
described optical axis. 

[0068] Furthermore, the optical axis of the above 
described excitation light may be oblique to the direction 
of flow of the above described sample and the above 
described mixed fluid. 

[0069] Furthermore, the condensed degree of the 
above described excitation light can be adjusted using 
the numerical aperture of an objective lens irradiating 
the above described capillary with the above described 
excitation light. 

[0070] Furthermore, the above described capillary 
of the analyzer relating to the present invention may be 
a configuration having sample channels for flowing the 
above described sample and channels for performing 
the above described measurement, and in addition 
thereto, having at least one reagent mixing means 
between the above described sample channels and the 
channels for perfonming the above described measure- 
ment; 

wherein the above described reagent mixing 
means consists of at least one reagent channel for 
flowing the above described reagent, a confluence 
of the fluid flowing from the above described sam- 
ple channel side and the regent flowing from the 
above described reagent channel, and a mixing 
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channel placed downstream of this confluence for 
mixing the fluid flowing from the above described 
sample channel side and the regent flowing from 
the above described reagent channel at a predeter- 
mined flow ratio to carry out reaction for a predeter- 5 [0077] 
mined time period, 

in case the number of the above described reagent 
mixing means is two or more, each reagent mixing 
means is arranged in series, and 
a flow rate adjusting mechanism for adjusting the 
flow rate In the above described sample channel 
and the above described reagent channel in 
accordance with the above described mixing ratio is 
comprised. 



can be achieved. 
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[0071] In case of such a configuration, the above 
described sample and the above described reagent are 
flowed continuously in the above described capillary, 
and the above described mixing channel may be a 
channel with length enough for the fluid merged just 
before its confluence to flow for a time period required 
for completing predetermined mixing and reaction 
under a predetemiined flow rate. 
[0072] Furthermore, the above described sample or 
the above described sample and reagent can be flowed 
by applying a voltage to the above described sample or 
applying a voltage to the above described sample and 
reagent individually. 

[0073] Furthermore, the above described sample 
may be a sample originated from biological material. 
[0074] Furthermore, in case the above described 
chip is constituted by a pair of the above described 
plane plate members, one of a pair of the plane plate 
members may be a plane plate member made of 
organic polymer, which is molded using one of a com- 
pression molding method, an embossing molding 
method, an injection molding method, an injection mold- 
ing method in which a glass transition temperature of a 
resin is lowered in the presence of gas, injection com- 
pression molding and injection molding using mold sur- 
face heating by electromagnetic induction or a 
combination thereof. 

[0075] In this case, the gas used in the above 
described injection molding method in which the glass 
transition temperature of a resin is lowered in the pres- 
ence of gas may be carbon dioxide. 
[0076] Thus, the analyzer relating to the present 
invention detects a predetermined component with the 
photothermal detection method using a detection sys- 
tem of photothermal detection equipment after making 
predetermined mixing and reaction occur, without 
weighing the sample and reagent in the chip. By using 
the photothemnal detection method as a detection 
method, a trace amount of predetermined component 
can be detected with high sensitivity. Furthermore, 
since it is not necessary to perform weighing without 
distinction of inner and outer sides of the chip, not only 
excellent operability but also the downsize of equipment 
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Figure 1 is a schematic diagram of a thermal lens 
detecting portion of an analyzer based on a photo- 
thermal detection method according to the present 
Invention; 

Figure 2 is a block diagram of photothermal detec- 
tion equipment according to the present invention; 
Figure 3 is a channel pattern-1 intended for sam- 
pling of a fixed amount; 

Figure 4 is a channel pattern-2 intended for sam- 
pling of a fixed amount; 

Figure 5 is a schematic diagram-1 of a channel in 
which a plurality of fluids are merged with each 
other to have dilution, mixing and the like perfomned 
according to the present invention; 
Rgure 6 is a schematic diagram-2 of a channel in 
which a plurality of fluids are merged with each 
other to have dilution, mixing and the like performed 
according to the present invention; 
Figure 7 is a schematic diagram-3 of a channel in 
which a plurality of fluids are merged with each ^ 
other to have dilution, mixing and the like perfonned 
according to the present invention; 
Figure 8 is a schematic diagram-4 of a channel in 
which a plurality of fluids are merged with each 
other to have dilution, mixing and the like performed 
according to the present invention; 
Figure 9 is a diagram-1 showing a groove pattern of 
a plate member made of organic polymer having on 
the surface fine grooves on which the fluid flows, 
which is molded by injection molding; 
Figure 10 is a diagram-1 showing a chip which is 
constituted by laminating a pair of plate members 
made of organic polymer, and on which a wiring, an 
electrode for trapping liquid and an electrode for 
connecting power terminals in detection equipment 
are printed with conductive ink; 
Rgure 1 1 is a sectional view of the a-a' line of Fig- 
ure 1 0; 

Rgure 12 is a diagram of a channel in which at a 
merging point, side flows merge at right angles to 
have two reagents merged with each other; 
Rgure 13 is a diagram of a channel in which at a 
merging point, side flows merge at an acute angle 
to have two reagents merged with each other; 
Rgure 14 is a diagram of a channel in which two or 
more reagents are merged at two or more merging 
points; 

Rgure 15 is a table showing results of measuring 
the absorptance of laser beam of polymer base 
materials and the output in the thermal lens detec- 
tion method; 

Rgure 1 6 is a diagram showing a cross section of 
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mold equipment for molding the plate member 
made of organic polymer having on the surface the 
fine grooves in which the fluid flows; 

Figure 1 7 is a plan view (a) showing a fine shape for 
molding (transferring) a channel consisting of s 
grooves made on the mold surface portion of a 
mold for molding the plate member made of organic 
polymer having on the surface the fine grooves on 
which the fluid flows according to the present inven- 
tion, and a sectional view (b) showing a shape of io 
the cross section of the a-a' line of the fine shape, 
and a sectional view (c) showing the shape of the 
cross section of the b-b' line; 
Figure 1 8 is a diagram-2 showing a groove pattern 
of the plate member made of organic polymer hav- 75 
ing on the surface the fine grooves in which the fluid 
flows, which is molded by injection molding; 
Figure 1 9 is a diagram-2 showing a chip which is 
constituted by laminating a pair of plate members 
made of organic polymer, and on which a wiring, an 20 
electrode for' trapping liquid and an electrode for 
connecting power terminals in detection equipment 
are printed with conductive ink; 
Figure 20 is a sectional view of the c-c* of Rgure 1 9; 
Figure 21 is a schematic diagram of the thermal 2S 
lens detection equipment used in the embodiment; 
Figure 22 is a diagram showing relationship 
between the laser focus position relative to the cap- 
illary of the thermal lens detection equipment and 
the output in the thermal tens detection method; 30 
Figure 23 Is a diagram-3 showing a groove pattern 
of the plate member made of organic polymer hav- 
ing on the surface the fine grooves in which the fluid 
flows, which is molded by injection molding; 
Figure 24 is a diagram-3 showing a chip which is 35 
constituted by laminating a pair of plate members 
made of organic polymer, and on which a wiring, an 
electrode for trapping liquid an electrode for con- 
necting power terminals in detection equipment are 
printed with conductive ink; 40 
Figure 25 is a sectional view of the a-a' of Figure 24; 
Figure 26 is a diagram showing relationship 
between the concentration of cholesterol and the 
output in the thermal lens detection method in 
Example 3; and 45 
Figure 27 is a diagram showing relationship 
between the concentration of cholesterol and the 
output in the thermal lens detection method In 
Example 4. 

so 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0078] An analyzer relating to the present invention 
consists of a chip comprising a capillary and detection 
equipment 55 
[0079] The chip consists of a pair of plane plate 
members made of polymer, and grooves in which fluids 
flow are made on the surface of at least one of the mem- 
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bers. These plane plate members are laminated with 
each other with the groove being at the inner side 
thereof to form the capillary. This capillary has a chan- 
nel for a sample and a channel for at least one kind of 
reagent solution, and also has a merging point at which 
such channels merge in succession or at a time. Fur- 
thermore, this capillary has at the downstream side of 
the merging point a channel of predetermined length or 
larger required for mixing and chemical reaction of the 
above described sample and the above described rea- 
gent solution, and also has a structure in which the 
channel is coupled to a channel for performing meas- 
urement. Since these samples and reagent solution 
need to be controlled so that they are delivered at a pre- 
determined flow rate, the above described analyzer has 
an arrangement for this requirement. That is, the 
arrangement in which the above described sample and 
the above described reagent solution flow in the capil- 
lary at a predetermined flow rate. 

[0080] Then, the detection equipment comprises a 
mechanism for irradiating excitation light and detection 
light, and consists of an optical detection system based 
on a photothermal detection method (for example. Anal- 
ysis No. 4. 280-284 (1997)). 

(Polymer Chips) 

[0081] In the present invention, the shape of cross 
section of the groove formed on the surface of the plane 
plate member includes polygonal shapes such as quad- 
rangle and triangles, semicircles and semi-ellipses, and 
is not particulariy limited. Also, the chip may have on the 
surface a channel constituted by combination of several 
kinds of grooves of different shapes. The width of the 
upper face (open face) of the groove may be same as or 
larger than that of the lower face (bottom) of the groove. 
Furthermore, in order to implement detecting means 
based on the photothermal method described below 
more simply and accurately, it is desirable that the 
shape of the cross section of the groove Is quadrangle. 
[0082] If this groove is too small, the flow may be 
disturbed by fine particles. Also, if it is too large, not only 
the area of the plane plate member must be enlarged 
when many channels are made on the surface of one 
plane plate member, but also problem arises in terms of 
the diffusion distance when mixing by diffusion is per- 
formed. Thus, preferably, the width of the groove is 1 to 
1000 ^m, the depth is 0.1 to 1000 \im, and the cross- 
sectional, area is 1 to 1000000 \.irr\^. More preferably, 
the width of the groove is 2 to 500 jim, the depth is 1 to 
500 nm, and the cross-sectional area is 2 to 250000 
|im^, and furthermore preferably, the width of the groove 
is 2 to 200 M>m. the depth is 1 to 200 jim. and the cross- 
sectional area is 2 to 40000 \ixn^, 
[0083] For the plane plate member made of organic 
polymer of the present invention, the accuracy of dimen- 
sion of the groove that the member has on its surface is 
not particularly limited. However, in performing analysis 
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of ultra-micro components and quantitative analysis, 
accuracy of dimension is preferably good. That is, in 
order to achieve operational accuracy and reproducibil- 
ity among individual analyzers, the accuracy of dimen- 
sion of the groove preferably has accuracy of dimension 
(dimensional accuracy of transfer) within ±5% in width 
and depth and within ±7% in cross-sectional area for the 
convex shape of the mold (transferred by molding, with 
grooves being formed in case of the plane plate mem- 
ber). For perfomning quantitative analysis with high 
accuracy, further more preferably, it has accuracy of 
dimension within ±2% in width and depth and within 
±4% in cross-section. 

[0084] The chip comprising the capillary of the 
present invention is made by laminating two plane plate 
members at least one of which has on the surface the 
groove in which the fluid flows with the above described 
groove being at the inner side thereof, using supersonic 
fusion, thermal fusion, adhesion with adhesives such as 
hot-melt adhesives and UV adhesives. tacky adhesion 
with sticking agent, press-contact perfonmed directly or 
via a thin elastic sheet and the like, in any case, prefer- 
ably, a vacuum laminator allowing crimping to be carried 
out in a vacuum system is used, and methods in which 
crimping is carried out from the center toward the 
peripheral while expelling bubble and so on are used, in 
order to prevent bubble being trapped during lamina- 
tion. 

[0085] As the plane plate member having no 
grooves (hereinafter referred to as "covering plate"), 
plane plate sheets made of resin such as methacrylic 
resin, polycarbonate and polystyrene or glass sheets 
(thin glass plate) and the like may be used. The thick- 
ness of these sheets is not partteularly limited unless 
there is a problem with photothermal analysis described 
below such as problems of light absorption and the like, 
but it is preferably in a range of 0.05 to several mm. 
[0086] Also, the chip has an opening for introducing 
the sample or reagent and installing an electrode in one 
of the two plane plate members to be laminated, as a 
through hole. It is desirable that the through hole is pro- 
vided at the end of each channel of the plane plate 
member or is provided in the portion of the other plane 
plate member to be laminated, which is merged with the 
above described end of each channel. The size of the 
through hole is not particularly limited, but the diameter 
of the opening is preferably in a range of 0.1 to several 
mm. 

[0087] Molding processability is an important ele- 
ment in selecting the material of organic polymer base 
used in the plane plate member having grooves. Materi- 
als that can be favorably used in terms of molding proc- 
essability include transparent thermoplastic resins to 
which general melting process can be applied and 
transparent resins obtained by UV curing and heat cur- 
ing. Furthermore, the former is more favorable in that 
the plane plate member having grooves on the surface 
can be fabricated in large quantity and inexpensively. Of 



these resins, non-crystalline thermoplastic resins, ther- 
moplastic polymer alloys having non-crystalline resin as 
a main component, or a part of crystalline thermoplastic 
resins having low crystallinity are favorable. Resins that 
5 can be used particularly favorably are rigid resins, 
including specifically styrene-type resins such as poly- 
styrene and styrene-acrylonitrile copolymers, meth- 
acrylic resins such as polymethyl methacrylate (PMMA) 
and methyl methacrylate-styrene copolymers, polycar- 
70 bonate (PC), polysulfone, polyether sulfone, polyether 
imide, polyarylate, polymethyl pentene, polyvinyl chlo- 
ride, polycyclohexadiene and polyester. 
[0088] Also, 1 ,3-cyclohexadiene type polymers are 
favorably used. 1 ,3-cyclohexadien type polynners can 
75 use homopolymers, but may also use copolymers. 
These copolymers include copolymers with conjugated 
diene type aliphatic monomers such as 1,3-butadiene, 
isoprene, 1 ,3-pentadiene and 1 ,3-hexadiene, aromatic 
vinyl monomers such as styrene, a-methyl styrene, p- 
20 methyl styrene, 1 .3-dimethyl styrene, vinyl naphthalene 
and vinyl styrene, polar vinyl monomers such as methyl 
methacrylate, methyl acrylate, acrylonitrile. methyl vinyl 
ketone and methyl a-cyanoacrylate or polar monomers 
such as ethylene oxide, propylene oxide, cyclic lactone, 
25 cyclic lactam and cyclic siloxane. or ethylene and a-ole- 
fin type monorners. The ratio of copolymerization in this 
case is preferably 1 ,3-cyclohexadiene mono- 
mer/comonomer = 75/25 to 1 00/0 in weight. Cycrohexa- 
diene type polymers of high light transmittance are 
30 described in detail in the Japanese Patent Application 
No. 9-277045. Such polymers can also be detected with 
a light source of short wavelength since they have little 
absorption of wavelength of 200 nm or larger as materi- 
als and they are amorphous C-H polymers. 
35 [0089] For chips of the present invention that are 
made of these polymer bases, a pair of plane plate 
members configuring the chip both consist of materials 
that allow detection light to go through, and at least one 
of both plane plate members consists of a material that 
40 allows excitation light to go through. The analyzer of the 
present invention consists of such a chip and photother- 
mal conversion detection equipment, thereby making it 
possible to detect with high sensitivity even detection 
object substances having absorption only in ultraviolet 
45 region, which is difficult to measure with an analyzer 
using conventional resin chips, and its general versatil- 
ity is high. This fact is very important for use in analysis 
for medical diagnosis because many of biological sub- 
stances have absorption only in the ultraviolet region 
50 (that is. those coloriess to human eyes). 

[0090] Now. a few additional explanations will be 
presented about analysis of substances having absorp- 
tion only in the ultraviolet region. The organic polymer 
(resin) is superior to glass as a chip material in terms of 
55 producibility. costs and waste disposal. However, the 
organic polymer generally has absorption in the ultravi- 
olet region. Thus, detecting an object substance using 
the absorptiometric method that is a general detection 
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method, the absorption by the chip material is so large 
that a correct measured value cannot be obtained. Fur- 
thermore, with optical path length of 100 ^m or so, it is 
difficult to detect a trace amount of component even 
though a wavelength that the chip material does not 5 
absorb is used. Detection can be performed with fluo- 
rescence, but detection object substances are limited to 
substances emitting fluorescence, leading to deteriora- 
tion in general versatility. 

[0091] By contrast, in the photothermal conversion 10 
detection method, the wavelength of the detection light 
can be freely selected from wavelengths that the 
organic substance does not absorb, as long as the exci- 
tation light is absorbed in the object substance. In the 
chip consisting of a pair of plane plate members, if both 15 
plane plate members are "transparent" to the detection 
light of a wavelength not absorbed by the organic poly- 
mer (usually visible light), and one of a pair of plane 
plate members has transmittance allowing sufficient 
excitation light to go through so that the object sub- 20 
stance is excited, general-purpose measurement can 
be made. As a specific example, the case where the 
thickness of the plane plate member having grooves is 
in a range of about 1 to 5 mm, the plane plate member 
(covering plate) to be laminated with the plane plate 25 
member having grooves is a thin sheet with thickness of 
about 500 [wn or less, and this sheet consists of a mate- 
rial having high transmittance for the excitation light. In 
this case, the excitation light is applied from the thin 
sheet side, thereby making it possible to detect the 30 
detection object substance with high sensitivity even 
though the plane plate member having grooves has low 
transmittance to the excitation light. 
[0092] The organic polymer for use in the present 
invention needs to be a resin having transparence to the 3S 
light of wavelengths for use in the photothermal method. 
Considering the power loss of laser, those having trans- 
mittance of 80% or higher, preferably 90% or higher at 
wavelengths of excitation and detection laser used in 
the photothermal detection are desired. Considering the 40 
wavelength of excitation and detection laser, generally, 
those having light transmittance of 807© or higher, pref- 
erably 90% or higher are desired when measured in a 
range of wavelength of 600 nm to 800 nm, preferably of 
400 nm to 800 nm in accordance with ASTM D1003. 45 
[0093] The aforesaid light transmittance is the value 
obtained by subtracting the sum of reflectivity on the 
surface of the chip and absorptance by the organic pol- 
ymer base itself from 1 00%. Light scattered on the sur- 
face of the chip and the like has no effect on the organic so 
polymer, while light absorbed by the organic polymer 
base has the effect of causing the organic polymer to 
generate heat. Therefore, an effect like thermal lens is 
produced when the light goes through the organic poly- 
mer, which leads to a background to the output in the 55 
thermal lens detection method, thus causing an error in 
measurement. Thus, it is necessary to evaluate the 
organic polymer material before making an actual chip 



and determine the range of absorptance having no 
influence on the actual thermal lens detection method. 
[0094] In case of detection with absorbance, if 
about 10% is absorbed by the organic polymer, total 
quantity of light is only reduced to 90%, having little 
influence on the detection sensitivity. However, in case 
of the photothermal detection method, even 10% or less 
of absorption has significant influence on measurement 
due to the thermal lens fonned in the resin. 
[0095] In view of the measurements shown in the 
examples described below, In case the analyzer with 
thermal lenses of this application is applied for uses 
intended to perform quantitative measurement, it has 
been proved that percentage of excitation light 
absorbed by the organic polymer in whole optical path 
in which the excitation light passes through the chip 
needs to be 5% or less. 

[0096] However, in case high sensitivity is required 
for measurement, such as the case where the concen- 
tration of the measuring object is low and the capillary is 
thin (the groove is shallow), even a slight amount of 
absorption may cause a background that has negative 
influence on the measurement of substances in the cap- 
illary. 

[0097] In case the measuring object is a component 
in the blood and a reagent kit currently sold is used as 
reagents, measurement in which absorbance for 1 cm 
cuvette is about 0.1 is often carried out. Assuming that 
this measurement is carried out using a chip made of 
organic polymer of the present invention, which com- 
prises a 50 ^im capillary (that Is, the optical path length 
is 50 |xm), absorbance of 0.1 for 1 cm of optical path 
length is the equivalent of 0.103% of absorptance for 
the 50 jim capillary. Absorptance would be 1% if the 
absorption by the chip made of organic polymer (forma- 
tion of the thermal lens) is accepted by up to 10 times, 
and absorptance would be 0.2% if the absorption is 
accepted by up to 2 times. 

[0098] That is, to carry out measurement in which 
the absortsance for 1 cm of optical path length is about 
0.1 using the analyzer of the present invention, it is 
desirable that light absorption by the organic polymer 
forming the chip is 1% or less, more preferably 0.2% or 
less. 

[0099] However, these values may be changed 
depending on modification of reagent kits and differ- 
ence in the depth of capillaries. For example, increasing 
absorbance for the 1 cm cuvette to about 0.5 is not so 
difficult with current technologies. In this case, 
absorptance for the 50 jim capillary is the equivalent of 
0.342%, and the absorptance would be about 3.5% if 
the absorption by the chip made of organic polymer (for- 
mation of the thermal lens) is accepted by up to 10 
times, and the absorptance would be slightly smaller 
than 1% if the absorption is accepted by up to 2 times. 
[0100] Also, as for detection light, for fear of result- 
ing in change of its own optical path due to absorption, 
it is desirable that similarly, the percentage of the light 
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being absorbed by the organic polymer in entire optical 
path in which the light passes through the chip is made 
to be several percent or less. 

[0101] In this way, it has been proved that a material 
configuring the chip should be appropriately selected in 
case analysis and measurement are carried out using 
the thermal lens detection method. In case of either 
excitation light or detection light, the accepted 
absorptance by the polymer base changes depending 
on the concentration or absorbance of measuring 
objects. Thus, the absorption of the excitation light and 
detection light by the material comprising the chip 
should be such a level that measurement by the thermal 
lens detection method is not substantially influenced. 
Taking a biochemical reaction system as an example, it 
is desirable that the absorptance by the polymer base is 
several percent or less. 

[0102] The plane plate member consisting of the 
organic polymer selected on the basis of the aforesaid 
criteria may be made by methods such as cutting proc- 
ess and etching process with laser and the like, UV cur- 
ing and heat curing of monomers and/or macro 
monomers in the mold, and melting process and plastic 
process of themioplastic resin. Molding methods that 
can be used favorably are the melting process and plas- 
tic process of thermoplastic resin in that the plane plate 
member having grooves on the surface can be molded 
in large quantity and inexpensively. Methods that can be 
further favorably used are the injection molding of ther- 
moplastic resin using molds and/or the compression 
molding method and the emboss molding method. The 
injection molding method including injection compres- 
sion molding is a molding method that is excellent in 
mass-producibility and economy. Compression molding 
is inferior in mass-producibility to the injection molding, 
but allows the mold surface to be formed with good 
transferability. Specifically, thermoplastic resin that is 
molded In plate-like shape in advance is put into the 
mold, and the thermoplastic resin is then heated up to 
the softening temperature by a heat press. Then, pres- 
suring compression (pressing) is canried out and the 
mold surface is transferred, followed by allowing the 
heat press to cool under a pressurized condition and 
cooling and solidifying the thermoplastic resin at a sof- 
tening temperature or lower. Particularly, the injection 
molding method in which injection molding is canried out 
while lowering the solidification temperature of the sur- 
face of resin contacting the mold during process of filling 
resin in the mold cavity (Japanese Patent Laid-Open 
No. 10-128783. Japanese Patent Application No. 10- 
50719) may be an especially preferable molding 
method because plane plate members made of organic 
polymer having fine grooves of high moldability can be 
fabricated with good producibility. Specific examples of 
this injection molding method include methods in which 
carbon dioxide is filled in the cavity before injection 
molding is can-ied out. The pressure of carbon dioxide is 
preferably 1 0 MPa or lower, and further preferably 0.3 to 



2 MPa, considering a compromise between the preven- 
tion of gas from being trapped and the effect of lowering, 
the solidification temperature of the surface of resin. 
[0103] Also, injection molding methods in which the 
5 surface of the mold is heated to cany out molding such 
as injection molding methods in which the surface of the 
mold is heated with high-frequency induction heating 
Immediately before molding (described in Japanese 
Patent Publication No. 62-58287. U.S. Patent No. 
10 4439492) and injection molding methods in which the 
surface of the mold is heated with radiation heating 
immediately before molding (described In Molding Sym- 
posia 1995, 241 <1995>. Molding 1996, 69 0996), Syn- 
thetic Resin, Vol. 42 (1), 48 <1992> and the like) are 
15 methods preferable for production of the plane plate 
member made of organic polymer of the present inven- 
tion. This is because the above described molding 
methods are methods in which the mold temperature is 
set low and only the surface of the mold is selectively 
20 heated immediately before molding with a heat source 
such as high-frequency induction heating and halogen 
lamp, thus making it possible to achieve compatibility 
between the transferability of mold surface and the 
molding cycle time. 
25 [0104] The plane plate member made of organic 
polymer of the present invention can also be produced 
based on Method of Producing Circuit Board of Japa- 
nese Patent Laid-Open No. 6-283830. According to this 
method, directions of scattered particles are better ori- 
30 ented in the vertical direction with thick resists than with 
usual thin resists, thereby enabling sharper molding to 
make grooves of high aspect ratio. Furthermore, a 
method in which a resin substrate is coated with photo- 
sensitive resists and portions other than grooves are 
35 exposed to light followed by removing uncured portions 
to form groove-shaped resist pattems on the substrate 
can also be implemented. 

[0105] As for molds, metal molds composed of iron 
or steel materials containing iron as a main component, 
40 aluminum or alloys containing aluminum as a main com- 
ponent, zinc alloys, beryllium-copper alloys, nickel or 
the like, which are generally used for molding of syn- 
thetic resin can be favorably used. 
[0106] One example of mold fabrication methods 
45 will be presented. First, one matrix having a surface 
shape of the plane plate member made of organic poly- 
mer having desired fine grooves is fabricated from a 
material such as metal, plastic, silicon or glass, with a 
method such as cutting process and etching process, or 
50 photolithography process of ultraviolet cured resin. 
Then, a mold is fabricated from this matrix using electro- 
chemical casting of nickel and the like. 
[0107] Also, the mold can be fabricated using the 
above described method of forming resist patterns in 
55 Japanese Patent Laid-Open No. 6-283830. A resist pat- 
tern is formed on a metal substrate, followed by filling 
the portion having no resist by metal plating. Then, the 
resist is removed to fonn a metal plate having a fine pat- 
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tern formed on the surface of the substrate. Using this 
plate as a mold, resin can be processed. 
[0108] Also, for the chip constituted by the plane 
plate mennber made of organic polymer of the present 
invention, protein adsorption inhibiting treatment can be 5 
applied to the inner surface of the capillary by graft 
polymerization of polyethylene glycol and the like. Also, 
in case an electroosmotic flow described below is used 
as liquid delivering means, the surface of the capillary 
may be treated with sodium hydroxide solution so as to io 
generate a stable electroosmotic flow. When PMMA Is 
used as an organic polymer, in particular, treating with 
sodium hydroxide causes ester on the surface to 
undergo hydrolysis to expose carboxylic acids, thereby 
making the electroosmotic flow enlarged and stabilized, is 
which is preferable. 

[0109] Also, when the electroosmotic flow (EOF) 
described below is used as liquid delivering means, the 
chip may have on its surface a metal electrode com- 
posed of metal needles, metal plates, metal foils and the 20 
like, an electrode made of inorganic or organic polymer 
to which conductivity-adding treatment has been 
applied, or an electrode printed with conductive ink. In 
this case, it is preferable that an electrode contacting 
reservoirs (into which reagents, samples, buffers, waste 25 
liquid, etc. are put) placed in the capillary and at the end 
or at some midpoint of the capillary, an electrode that 
can be connected with the detection equipment and 
leads between the electrodes are also comprised in the 
chip. 30 
[0110] In case the metal needle is inserted, a nail, a 
needle, an eyelet matter or the like composed of plati- 
num, copper, brass, aluminum, iron or the like, which 
has a diameter of 0.1 to 2.5 mm and length for reaching 
near the groove of the plane plate member is preferably 3S 
fixed in the through-hole. 

[0111] In case of printing with conductive ink, the 
electrode may be formed by for example screen printing 
using ink containing fine particles of gold, silver, copper, 
nickel, carbon black, graphite and so on. For printing the 40 
inner wall of the through-hole by screen printing, 
through-hole printing technology with conductive ink by 
a screen printer, which is implemented to be continuity 
each layer of the current multi-layered print board may 
be applied. The through-hole printing is performed by 4S 
placing a sample to be printed on a sample stage with 
the through-hole of the sample being aligned with a suc- 
tion hole of the sample stage, and sucking the ink 
trapped in the periphery of the through-hole to make the 
ink creep on the inner wall of the through-hole while or so 
after printing the sample. 

[0112] Vacuum deposition and sputtering. In case 
of either the whole or part of inner wall of the through- 
hole, gold or platinum Is deposited or printed deeply 
enough to reach near the groove of the plane plate ss 
member, in this case, if the through-hole is shaped into 
taper, an electrode can be formed on the inner wall of 
the through-hole without causing the plane plate mem- 



ber to tilt. 

[01 1 3] Also, in addition to the above described elec- 
trodes, electrodes to be connected with a power termi- 
nal in the detection equipment equipped with the chip 
and leads between those electrodes can be formed 
using conductive ink, vacuum deposition and sputter 
coating. Also, they may be formed by sticking a thin 
plate such as a copper plate and then forming a wiring 
pattern by etching, and transferring or sticking on the 
plate a copper foil, etc. on which a pattern is fomned, 
[0114] Also, by forming electrodes and/or wiring on 
a third plane plate member and a fabricated item other 
than the plane plate member having grooves and the 
plane plate member to be laminated with it (covering 
plate) using a method as described above, and then 
laminating this third plane plate member and fabricated 
item therewith, the equipment equipped with electrodes 
and/or wiring can be provided. 

[0115] In any case, the material and size should be 
selected so that heat generated when high voltage is 
applied can be controlled to have no influence on the 
electrophoresis. 

(Fluids) 

[0116] Fluids that the present Invention targets for 
analysis are principally liquids and gases, and espe- 
cially aqueous solutions of all. Organic solvents and 
gaseous substances can be treated, but in any case, 
they should not exert corroslveness, solubility, whitening 
of resin and the like on chip materials and adhesives. In 
case of electrical liquid delivery, aqueous solutions are 
particularly preferable targets. 

(Thermal Lenses) 

[0117] In the chip of the analyzer relating to the 
present Invention, the sample has its flow rate controlled 
accurately by the electroosmotic flow, electrophoresis or 
other appropriate means. Then, after the sample is 
diluted and reacts with other reagents as necessary, the 
object substance is detected at the downstream of its 
channel using methods described below. 
[01 18] Figure 1 shows the principle of the detection 
method using the thermal lens formed based on the 
photothermal effect. When the sample is irradiated with 
the laser beam (excitation light) condensed through 
lens, heat is generated by the excitation light from the 
measuring object contained in the sample (photother- 
mal effect), the refractive index of the vicinity of the focal 
point of the laser is decreased due to the heat. Then, 
spatial distribution of the refractive index Is formed due 
to effects such as thermal diffusion. Light passing 
through this area does not travel in a straight line due to 
the distribution of the refractive index, but causes same 
optical effects as those caused by lens. These effects of 
the virtual lens are called thermal lens effects. For 
example, in case of substances such as water whose 
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temperature coefficient of the refractive index is nega- 
tive near room temperature, same effects as those 
caused by the concave lens are given. The strength of 
lens effects (degree of lens) is proportional to the 
amount of generated heat, namely the number of 
excited molecules. Then, when another laser beam for 
detection (detection light) is let in. the detection laser 
beam expands and contracts due to lens effects com- 
pared to the original optical path. From the magnitude of 
this change of the detection laser beam, the amount of 
generated heat, or the amount of absolved light by the 
measuring object can be measured, and quantification 
of the measuring object is possible. In principle, since 
the thermal lens is formed near the focal point of the 
excitation laser beam, it does not require a long optical 
path and is suitable for detection of the samples in micro 
areas. 

[01191 By providing thermal lens detection equip- 
ment with this analyzer, it has been possible to measure 
the concentration of substances to be detected and the 
like that was difficult to measure with prior arts because 
' of the length of the optical path being as small as verti- 
cal width of the chip surface (the angle is not necessar- 
ily a right angle to the chip surface), namely as small as 
the depth of a groove (about 1 to 1000 ^m). 
[0120] A« described previously, the width and depth 
of the groove of the plane plate member made of 
organic polymer are about 1 to 1000 nm. and therefore 
the optical path length in the direction vertical to the 
plate surface (the angle is not necessarily a right angle 
to the chip surface), namely in the direction vertical or 
oblique to the flow of the fluid is as small as the depth of 
the groove. However, using the thenmal lens detection 
method, the object substance can be detected with ade- 
quate sensitivity even with this level of optical path 
length. Thus, since the photothermal detection method 
does not require complicated channel structures to pro- 
vide a long optical path, the cost of the chip can be 
reduced. Also, detection can be earned out using, inex- 
pensive and simple optical detection equipment such as 
a combination of semiconductor laser and photodiode. 
However, as for the material of the chip to be used for 
detection, there is a requirement that absorptance for 
the excitation light be small. Othenwise, as shown in Fig- 
ure 1 , an area conresponding to the themnal lens is cre- 
ated in addition to the thermal lens for essential 
detection of concentration, thereby causing an error. 
[0121] As detection equipment using the photother- 
mal detection method, an excitation light source having 
a wavelength that the detection object substance 
absorbs and having adequate output for forming the 
thermal lens is needed. The excitation light may be light 
of a needed wavelength, which is taken from a xenon 
lamp using a prism, or a laser having a wavelength 
capable of exciting the detection object substance. As 
lasers, He-Ne lasers, Ar lasers, cariaon dioxide lasers, 
YAG lasers and the like are used, but using semicon- 
ductor lasers allows the detection equipment to be com- 



pact, which is suitable for use in POC analyses etc. and 
environmental measurements. The source of the detec- 
tion light may have an output smaller than that of the 
excitation light, and its wavelength may be identical to or 
5 different from that of the excitation light. Preferably, both 
the excitation tight and detection light come into focuses 
in the capillary channel or near the capillary, and con- 
denser lenses are required in that case. 
[0122] The excitation light is made by a chopper 
10 and the like to be pulse light of about 0.1 to 10 ms. 
Then, the detection light captured by a photodiode, 
CCD camera, photomultiplier and the like is subjected 
to signal processing by a lock-in amplifier synchronizing 
with the above described chopper and the like, and its 
15 only changed portion caused by the thermal lens is 
taken out. Furthermore, for detection of the detection 
light, use of photodiodes is suitable in terms of down- 
sized equipment. 

[0123] The lock-in amplifier can be simplified with 
20 simple-functional semiconductor elements. Also, for 
pulsing of the excitation light, the semiconductor laser 
may be modulated electrically Also, when detecting the 
detection light, the lock-in amplifier is generally used, 
but the luminous flux near the axes of the excitation light 
25 and detection light may be shielded with a screening 
plate using the method of a dark field type photothermal 
spectral analyzer disclosed in Japanese Patent Laid- 
Open No. 9-229883, thus detecting only the detection 
light emitted by the thennal lens. Alternatively, it may be 
30 replaced with an LSI etc. concentrating functionality for 
the pulses of the excitation light. 
[0124] Also, in the present invention, absolute sen- 
sitivity involving the counting of the number of mole- 
cules in micro spaces is not required, but it is only 
35 necessary that the concentration of a substance in the 
capillary can be measured with high sensitivity. That is, 
high concentration sensitivity is required. In other 
words, the thermal lens should be spread over an entire 
predetermined cross section of the capillary wherever 
40 possible, so that the number of molecules of the meas- 
uring object substance existing therein is increased and 
the effect of the themnal lens is enhanced. 
[0125] Furthermore, the predetemnined cross sec- 
tion is a cross section by the flat face including the opti- 
45 cal axis among plane faces perpendicular to the plane 
face including the flow direction of the fluid in the capil- 
lary and the above described optical axis of the excita- 
tion light. Furthennore, this optical axis is preferably 
perpendicular to, but may be oblique to the flow direc- 
50 tion of the fluid in the capillary. 

[01 26] However, the quantity of light per unit of vol- 
ume is decreased and the effect of the thermal lens is 
reduced due to the influence of themnal diffusion and 
the like if the excitation is too much spread, and thus 
55 there is an optimal value for the width of the excitation 
light. In case of the present example 1 , an objective lens 
of NA = 0.4 is used for 50 ^im of depth of the capillary 
and the beam diameter of the excitation light (13.57o for 
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the maximum quantity of light) at the center of the direc- 
tion of depth of the capillary 38 \m, providing the maxi- 
mum value of output with the thermal lens detection 
method. If the thermal lens widened, then a thermal 
lens is formed also in the chip made of organic polymer, 5 
thereby causing a background and reducing the meas- 
urement sensitivity apparently as described before. 

[0127] In this way, the thermal lens should be 
formed in a part of the above described predetermined 
cross section such that the concentration sensitivity of a 10 
predetermined component is sensitivity sufficient for 
analyzing the above described predetermined compo- 
nent. For this purpose, the excitation light should be 
adjusiea to have an appropriate condensed degree of 
the excitation light and come into a focus at an appropri- 75 
ate position. 

[0128] There are a variety of methods for adjusting 
the scale of this thermal lens (range in which change In 
temperature occurs), but it may also be achieved by 
adjusting the numerical aperture of the objective lens 20 
through which the capillary is irradiated with excitation 
light. When a normal lens, for example a microscopic 
lens system described in Japan Analytical Chemical 
Association 44th Meeting (1995) Abstracts 1C05 was 
used directly for the chip relating to the present inven- 25 
tion, the detection sensitivity of an object substance was 
not necessarily high. The size of the capillary of the 
detecting portion for the thermal lens is preferably 
approximately 20 ^m or larger in both width and depth. 
On the other hand, it is described that in the micro- 30 
scopic thermal lens described before, about 4 fim of the 
beam diameter of the excitation light is achieved with a 
magnification of 70 times, and further the magnification 
of the microscope is increased and the beam diameter 
is reduced to the order of sub-microns in order to 35 
enhance the absolute sensitivity. The inventors, meas- 
ured the output with the thermal lens detection method 
with excitation light having a beam diameter of about 4 
^m, using a chip with the size of capillary of the detect- 
ing portion being 50 \im in depth and 50 \in\ in width, 40 
and the detection sensitivity was found to be tow. 
[0129] Then, the numerical aperture was reduced 
to about 0.1 to increase the beam diameter to about 50 
Jim as a result of experiments considering a variety of 
numerical aperture of the condenser lens, and in the 45 
present example, the detection sensitivity was found to 
be improved. This may be ascribed to the fact that in 
conventional thermal lens detection methods, the exci- 
tation light is strongly focused with an optical condenser 
lens and the like to condensed light on the sample solu- so 
tion and the thickness of the formed thermal lens is 
reduced in order to enhance the absolute sensitivity 
involving how many molecules of the substance in micro 
spaces can be detected at minimum, the concentration 
sensitivity of quantification of the amount of the sub- ss 
stance per a fixed volume of sample solution is low. 
[0130] On the other hand, in the fields of medical 
diagnosis, environmental analysis and the like, it is 



important that the concentration sensitivity, not absolute 
sensitivity is high. Therefore, unlike conventional ther- 
mal lens detection methods, the condensed degree of 
the excitation light is reduced and the thermal lens is 
widened to achieve an area approximately equal to the 
cross-sectional area of the channel ensuring a stable 
electroosmotic flow, thereby making it possible to 
increase the concentration sensitivity and detect the 
substance with high sensitivity with a capillary of small 
sectional -area that enables a stable electroosmotic flow. 

[0131] Procedures for analyzing actually a sub- 
stance in the capillary formed in a chip as of the present 
invention using the thermal lens detection method will 
be described. 

[0132] Each optical part including a microscope 
shown in Figure 2 is placed on a stabilized laboratory 
table. The laboratory table desirably has an anti-vibra- 
tion effect Also, the microscope for letting laser beams 
condense comprises an inlet port allowing the laser 
beams to be introduced directly from the outside. Fur- 
thermore, the frequency of the chopper placed on the 
optical path of the excitation light was adjusted to 1 1 6 
Hz. This value can be changed as long as care is taken 
so as to prevent picking up noise from a noise source 
such as an electric power source. 
[0133] First, the optical axes of excitation light, 
detection light and beam expanders placed at some 
midpoint in the respective optical path of excitation light 
and detection light are adjusted. For the detection light, 
in particular, a strict adjustment is carried out so that the 
axis is not shifted even when the collimation degree of 
the beam is varied. In this time, the magnification rate of 
the beam expander was set to be 10 times. Next, these 
two laser beams are arranged to be coaxial using a 
dichroic mirror. The dichroic mirror has a transmittance 
of 90% or higher for the excitation light and a reflective 
index of 80% or higher for the detection light. Due to 
these characteristics, it was possible to arrange both the 
excitation light and detection light to be coaxial while 
reducing the loss of quantity of the tight. After they are 
arranged to be coaxial, the collimation degree of the 
beam expander of the detection light is varied, and by 
visual inspection under the microscope, the coaxial 
property of the excitation light and detection light is 
enhanced at such a level that the coaxial property with 
the excitation light is not reduced. 
[0134] A chip for use in measurement is placed 
under the microscope and a measurement sample is 
introduced into the capillary formed in the chip. Then, 
height adjustment is carried out so that the focal point of 
the excitation light is at the center of the direction of 
depth of the capillary. The objective lens may be 
adjusted in the range of 0.2 to 0.8 of NA if the depth 
(width) of the capillary is in the range of 50 to 100 |xm, 
and the sensitivity was studied for three points of 0.2, 
0.4 and 0.6 of NA. The height adjustment is carried out 
by moving the chip slightly up and down while watching 
the reflection at the air/substrate interface or the sub- 
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strate/capillary interface. In this case, an error approxi- 
mately equal to focal depth of the excitation light due to 
a visual observation may be caused, and the scale of 
the error may be 2 \xm in case an objective lens whose 
numerical aperture is 0.4, but errors at this level cause 
no problems. First, the height of the chip into which the 
sample is introduced is adjusted as described above 
using an objective lens whose numerical aperture is 
0.2. At that time, the beam expander is adjusted so that 
difference between focal positions of the excitation light 
and detection light is almost equal to the depth of the 
capillary and the focal position of the detection light is 
shifted from the focal position of the excitation light 
towards the objective lens. It is about 50 jim in this case. 
The beam expander is adjusted so that the detection 
light converges, and the focal position of the detection 
light is shifted from the excitation light towards the 
objective lens, in this condition, the output of the lock-in 
amplifier, namely the output with the thermal lens detec- 
tion method is verified. At this time, the time constant of 
the lock-in amplifier was set to one second. In this con- 
dition, in order to ensure that a sufficiently significant 
value'is generated and that stray light of excitation light 
does not exist in a light detector, whether the aforesaid 
output with the thermal lens detection method is suffi- 
ciently reduced is checked under the conditiqn that only 
excitation light is applied. Next, the convergent angle of 
the beam expander for the detection light is adjusted, 
and is adjusted to a position at which the signal reaches 
its maximum while watching the output with the thermal 
lens detection method. The aforementioned operations 
are earned out for three points of 0.2, 0.4 and 0.6, and 
the numerical aperture providing an optimal sensitivity 
is selected. Taking the capillary with depth of 50 jim as 
an example, when an objective lens whose numerical 
aperture is 0.4 was used, highest concentration sensi- 
tivity could be obtained with the thermal lens detection 
method. 

[0135] Furthermore, objects that can be detected 
with the thennal lens detection method are not limited 
as long as they absoriD excitation light, but they should 
be separated from other substances in the sample, 
especially substances absorbing excitation light and 
substances absorbing detection light or having fluores- 
cence for the wavelength of the detection light before 
photothermal conversion is perfomned. The degree of 
absorption of detection light is preferably in the range of 
1 ,000 to 1 00,000 of molar absorptivity in terms of sensi- 
tivity. 

[0136] Detection object substances absoriaing no or 
little excitation light are converted into substances 
absorbing the excitation light (pigment in case of visible 
rays) for measurement with combination of reactions 
using enzymes having the detection object substance 
as substrates in combination. Alternatively, using an 
antibody against the detection object substance, the 
antibody or a secondary antibody is marked with a sub- 
stance absorbing excitation light, and excitation light 



generated directly or as a result of the enzyme reaction 
is measured. 

[013*. ' In case biological materials are detected as 
detection object substances, for example, it is possible 
5 to convert them ultimately into the following substances 
with reactions using enzymes having the detection 
object substance as substrates in combination 
(Aoyama, N. Clinical Examination, 41:1014 (1997)). 
That is, conversion into substances absorbing excitation 
10 light, which are condensation products of N-ethyl-N-(3- 
methyphenyl)-N'-acetylethylenediamine (EMAE), N- 
ethyl-N-(3-methylphenyl)-N'-succinylethylenediamine 
(EMSE). N-ethyl-N-(3-sulfopropyl)-3,5-dimethoxyaniline 
(DAPS), N-{3-sulfoprpyl)-3,5-dimethoxyaniline 
15 (HDAPS). N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5- 
dimethoxyaniline (DAOS), N-(2-hydroxy-3-sulfopropyl)- 
3,5-dimethoxyaniline (HDAOS). N-(2-hydroxy-3-sulfo- 
propyl)-3,5-dimethoxyaniline (HSDA), N-ethyl-N-(2. 
hydroxy-3-sulfopropyl)-3-methylaniline (TOPS). N-ethyl- 
20 N-(2-hydroxy-3-sulfopropyl)-3-methylaniline (TOOS). N- 
ethyl-N-(2-hydroxy-3-sulfopropyl)-3.5-dimethylaniline 
(MAPS), N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5- 
dimethyianiline (MAOS). N.N-bis(4-sulfobutyl)-3.5- 
dimethylaniline (MADB). N,N-bis(4-sulfobutyl)-3.5- 
25 dimethoxyaniline (DADB). etc. and 4-aminoantipyrine, 
or substances absorbing excitation light, such as b!s{4- 
[N-3'-sulfo-n-propyl]-N-n-ethyl} amino-2,6-dimethylphe- 
nyl} methane (Bis-MAPS-C2), bis{4-[N-3'-sulfo-n-pro- 
pyl]-N-n-propyl} amino-2,6-rfimethylphenyl) methane 
30 (Bis-MAPS-C3) and bis{4-[N-3'-sulfo-n-propyl]-N-n- 
butyl} amino-2,6-dimethylphenyl] methane (Bis-MAPS- 
C4). 

[0138] When these reactions are earned out in the 
chip, the reagent solutions may be supplied from the 
35 outside of the chip using a tube and needle. Alterna- 
tively, the reagent solutions contained in small contain- 
ers such as plastic bags (materials may be 
polyethylene, polypropylene, polyester, nylon, polyvinyl 
chloride and the like as long as they don't interact with 
40 the reagent) are set, and then such bags may be broken 
by pressing the plastic bags with the needles in the chip 
from outside to transport the reagent solutions into rea- 
gent reservoirs in the chip. Furthennore, there is a 
method among others in which the reagent is contained 
45 in the chip as dried solids, and then water in or outside 
the chip or water or a buffer from a buffer reservoir is put 
in portions in which the solid reagents are contained to 
make reagents in predetemnined concentrations. 
[0139] Also, the sample may be put directly in the 
50 chip. Also, in case of analysis of pollutants in the river 
and analysis of urine, the sample may be concentrated 
as a pretreatment using a membrane filter that can be 
separate by molecular weight and so on. Also the sam- 
ple may be introduced into the capillary after dusts and 
55 blood cells are removed by providing the chip with a fil- 
ter. 
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(Flow Rate Ratio) 

[0140] In the capillary of the chip of the present 
invention, channel portions intended for different opera- 
tions as main purposes portion by portion, such as a 
channel portion intended primarily for sampling of a 
fixed amount, a channel portion intended primarily to 
mix reagents and samples and a channel portion 
intended primarily to transport reagents and samples 
can be made. In case an electroosmotic flow Is used as 
liquid delivering means, a channel portion intended pri- 
marily for electrophoretic separation may also be made 
in addition to the aforesaid channel portions. Of course, 
one channel portion may have two or more purposes 
regardless of liquid delivering means such as pump 
delivery and an electroosmotic flow by which liquid is 
delivered. Also, for the chip of the present invention, the 
channel may be constituted by a channel portion 
intended primarily for one operation, but may also be 
constituted by a combination of plurality of channel por- 
tions that are intended primarily for different operations. 
In this way, equipment allowing not just a simple qualita- 
tive analysis, but a high level analysis involving a quan- 
titative analysis and reaction to be performed may be 
provided. 

[0141] The shape of the channel portion intended 
primarily for fixed amount sampling is a shape as shown 
in Rgure 3 in which two channels cross each other in 
the shape of a cross, or a shape as shown in Figure 4 in 
which two channels are merged with one channel in the 
shape of T, respectively, and the shape shown in Figure 
4 is preferable. In a channel having the shape shown in 
Figure 3, fixed amount sampling is performed by flowing 
the sample from A towards B, followed by stopping the 
flow toward B, and then flowing the sample from A 
towards D for a certain time period, followed by stopping 
the flow from A, and further flowing the fluid from C 
toward D. In this case, fixed amount sampling is carried 
out by the cross-sectional area, flow velocity and time. 
[01 42] Also, In a channel having the shape shown in 
Figure 4, fixed amount sampling is performed by flowing 
the sample from A toward B, followed by stopping the 
flow, and then flowing the fluid from C towards D. In this 
case, fixed amount sampling is carried out by the cross- 
sectional area of the capillary and the length between 
the T-shaped channel merging point E and the T-shaped 
channel merging point R For this shape, the amount for 
sampling is determined only by the cross-sectional area 
of the capillary and the length between the merging 
point E and the merging point F, regardless of the flow 
velocity of the fluid and the time period during which the 
fluid flows, as long as the capillary is fabricated with 
good dimensional accuracy. Also, it may be a further 
preferable sampling method since the amount for sam- 
pling can be set arbitrarily by changing the cross-sec- 
tional area of the capillary and the length between the 
merging points E and R 

[0143] The shape of the channel portion primarily 



intended for mixing and dilution of reagents and sam- 
ples includes a shape with a widened and/or deepened 
area at some midpoint in the channel (It may be prefer- 
able that the size of this area is set to the order of millim- 

5 eters to centimeters) for performing the mixing and 
dilution in combination with sampling. Furthermore, It Is 
preferable that uniform tzing processes of stopping deliv- 
ery of liquid temporarily to render the fluid uniform by 
diffusion, of rendering the fluid uniform by mechanical 

10 agitation, and so on are adopted. In particular, a struc- 
ture allowing mechanical agitation (for example, an agi- 
tation bar is placed and agitation is made using 
magnetic power) is preferable in that it does not requires 
time substantially for rendering the fluid uniform. 

15 [0144] Also, depending on channel structures, 
shapes of channel intended primarily for mixing and 
dilution of samples and reagents can include a shape in 
which one channel is merged with another channel and 
a shape in which a plurality of channels are merged with 

20 one channel at one point. By merging one channel with 
another channel or plurality of channels to make one 
channel, mixing and dilution operations can be carried 
out only with channel shape. Also, at this time, mixing 
and dilution can be carried out at different ratios by var- 

25 ying each flow rate. In case of liquid delivery using 
pumps, it is possible to vary mechanically the flow rate 
in each channel to be merged. Also, in case of liquid 
delivery using electroosmotic flows, the flow rate In each 
channel to be merged can be varied by varying the size 

30 of cross section and the length of each channel to be 
merged, varying the way of applying voltages to each 
channel and varying the charged condition of the inner 
surface of each channel with surface treatment and the 
like. Also, in case of having a pump at the outer side, the 

35 kind of the pump is not limited, including a system in 
which pneumatic pressure is generated with a syringe 
pump and the fluid is pushed out with that pressure, a 
system of suction, and so on. In this case, It is prefera- 
ble that a baffle structure is provided in the merging 

40 area, and a channel for rendering liquid uniform by diffu- 
sion is provided behind the merging area. Shapes of 
channel portions for rendering the fluid uniform include 
shapes such as linear shape and bent shape like mean- 
der and helices. In addition, it is necessary to secure a 

45 time necessary and sufficient for the mixed fluid to carry 
out predetermined reaction, but needed reaction was 
carried out without using additional means for measur- 
ing reaction time, by making the channel distance 
between a merging point and a next merging point or a 

50 detecting portion to be a required distance according to 
a predetermined flow rate obtained after mixing. 
[0145] As for means for transporting fluids, 
mechanical means such as pumps or electrical means 
such as eiectrosomotic flows can be used.' 

55 [0146] In case the fluid in the capillary is trans- 
ported using liquid delivery pumps or suction pumps 
operated by drivers outside the chip (also Including a 
case where pumps in the chip is operated by drivers 
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outside the chip), the flow rate can be controlled by the 
discharge or suction rate of the pumps, or can be con- 
trolled with mechanical means including use of a flow 
rate control valves. 

[0147] Furthermore, in contrast to what is describe 
above, diversion can also be achieved by making one 
channel branching into multiple channels (diverting a 
channel). 

[0148] Shapes of channel portions Intended prima- 
rily for electrophoretic separation in case the electroos- 
motic flow is used as liquid delivering means include 
linear shapes and bent shapes like meander and heli- 
ces. The bent shape like meander and helices can 
enhance separation capability compared to the linear 
shape because it is possible to render the length of the 
channel for separation longer than the length of the 
longer side of the chip. 

[0149] The analyzer of the present invention can be 
used for multiple analytical purposes by varying channel 
patterns (configurations). For example, it is possible to 
provide a configuration centering on a channel intended 
primarily for mixing and separation for use in qualitative 
analysis, to provide a configuration with a channel 
intended primarily for quantitative sampling and a chan- 
nel intended primarily for separation in combination, to 
provide a configuration centering on a channel intended 
primarily for quantitative mixing for use in quantitative 
analysis involving separation and quantitative analysis 
involving reactions, to provide a configuration with a 
channel intended primarily for quantitative sampling and 
a channel intended primarily for mixing in combination 
and a channel intended primarily for separation in com- 
bination for use in quantitative separation analysis 
involving reactions, and to provide a configuration prin- 
cipally with a channel intended primarily for quantitative 
sampling and a channel intended primarily for mixing for 
use in analysis that does not involve so much separa- 
tion. 

[0150] In the chip of the analyzer relating to the 
present invention, samples are controlled by an elec- 
troosomotic flow, electrophoresis or other appropriate 
means, and dilution and reaction with other reagents 
are performed. Also, for operations such as merging of 
these fluids, timing should be generally accurately con- 
trolled. It has been found that perfomriing these opera- 
tions accurately, simply and without using extra devices 
such as timers can be realized by mixing and reacting 
respective fluids at a predetermined flow rate, and giv- 
ing a capillary of length necessary and sufficient for 
flowing for a time period required for mixing and reaction 
to the merged fluid flowing at a predetemiined flow rate. 
It will be described in detail below. Furthemiore, the flow 
rate according to the present invention means a volume 
of the fluid moving in the capillary for a certain amount 
of time. 

[0151] Usingfigures, a part of this technique related 
to mixing and reaction will be described further in detail. 
In the following description, it is assumed for the pur- 



pose of simplification that all channels have the same 
depth, but the depths may be different from each other 
in case of actual implementation. Similarly, for the pur- 
pose of simplification, it is assumed that the flow veloc- 
ity of the fluid before being merged, namely the travel 
length per unit of time equals v for all fluids. Also in this 
case, it may be different for each fluid in case of actual 
implementation. In the following description, it is 
assumed that each fluid before being merged continues 
0 to move at a rate of v and never stops. 

[0152] Figure 5 shows a channel in which a fluid 1 
and a fluid 2 are merged at a merging point 1 and mixing 
and reaction are earned out spending a predetemriined 
time, followed by merging a fluid 3 with a mixture of the 
f5 fluid 1 and the fluid 2. In Figure 5, the widths W of the 
channels through which the fluid 1 and the fluid 2 flow 
before reaching the merging point 1 are equal to a and 
the width of the channel from the merging point 1 to a 
merging point 2 after they are merged is also equal to a. 
20 Under this condition, it is apparent that the flow velocity 
of the mixture of the fluids 1 and 2 flowing between the 
merging point 1 and the merging point 2 equals 2v. Also, 
it is apparent that the mixing ratio of the fluid 1 and fluid 
2 is 1:1. Assuming that the length of the channel 
25 between the merging point 1 and merging point 2 
equals k, time to be taken for the merged fluid to move 
from the merging point 1 to the merging pint 2 would be 
k/(2v). Since the values, k and v can be individually 
adjusted by adjusting the layout of the capillary and liq- 
30 uid delivering means and so forth, k and v are adjusted 
so as to provide a time adequate for mixing and reac- 
tion, thereby making it possible to adjust accurately the 
time before merging with a fluid 3, a next process, with- 
out recourse to external timers and the like. Further- 
35 more, the number of fluids to be merged ultimately is 
three or larger, three fluids or more may be merged at 
the same point. This remains unchanged in the follow- 
ing description. 

[0153] Figure 6 shows another example, and in this 

40 figure, the widths W of the channels through which the 
fluid 1 and the fluid 2 flow equal a as in case of Figure 5, 
but the width W of the channel after they are merged at 
the merging point 1 equals 2a. Under this condition, it is 
apparent that the flow velocity of the mixture of the fluids 

45 1 and 2 flowing between the merging point 1 and merg- 
ing point 2 is kept at v. In this case, if the time required 
for mixing and reaction of the fluid 1 and fluid 2 is iden- 
tical to the time described for Figure 5, in order to imple- 
ment that, the length of the channel between the 

50 merging point 1 and merging point 2 may be set to k/2 
as shown in Figure 6. or the ratio of the flow velocity v in 
Rgure 6 to the flow velocity v in Figure 5 may be set to 
2:1 while keeping the length at k. Whether any one of 
them is adopted, or another appropriate combination of 

55 values if v and k is used can be basically freely dedded 
through sometimes it may be limited by the size of the 
chip and liquid delivering means. Furthermore, if the 
width W of the channel from the merging point 1 to the 
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merging point 2 is set to a \/aiue other than 2a, the 
optional range can be further widened. Furthermore, 
the mixing ratio of the fluid 1 and fluid 2 is 1 :1 also in this 
case. 

[0154] Figure 7 shows still another example, and in 5 
this figure, the width W of the channels through which 
the fluid 1 and the 2 flow equals a and b. respectively, 
unlilce the cases of Figures 5 and 6, the width W of the 
channel after they are merged at the merging point 1 
equals a+b. Also under this condition, It is apparent that io 
the flow velocity of mixture of the fluids 1 and 2 flowing 
between the merging point 1 and merging point 2 is kept 
at V. In this case, if the time required for mixing and reac- 
tion of the fluid 1 and fluid 2 is identical to the time 
described for Figure 5 and Figure 6, in order to imple- 15 
ment that, the length of the channel from the merging 
point 1 and the merging point 2 may set to k/2 as 
described for Figure 6. or the ratio of the flow velocity v 
in Figure 7 to the flow rate in Figure 5 may be set to 2:1 . 
Whether any one of them is adopted, with another 20 
appropriate combination of values of v and k is used can 
be basically freely decided, though sometimes It may be 
limited by the size of the chip and liquid delivering 
means. Furthermore, if the width W of the channel 
between the emerging point 1 and emerging point 2 is 25 
set to a value other than a+b. the optional range can be 
further widened, as described for Figure 6. In this way, it 
is possible to mix the fluids 1 and 2 at a mixing ratio of 
a:b and implement needed reaction without using a 
complicated mechanism. 30 
[0155] Figure 8 shows an example further extend- 
ing Figure 5 to Figure 7. The widths of the channels 
through which the fluids 1 to 4 flow equal a, b, c and d, 
respectively, and they are merged at the points 1 to 3, 
respectively, and the lengths between merging points 35 
equal k/2 and j. respectively. Also, the width of the chan- 
nel from the merging point 1 to the merging point 2 
equal a 4- b, and the width of the channel from the merg- 
ing point 2 to the merging point 3 equal a b + c. Of 
course, because of some fimitation put on the diffusion 40 
length required for mixing and the size of the chip, these 
values are subject to channel width/channel length 
tradeoffs, and can be changed in the actual step of 
design. To present an explanation according to the fig- 
ure, the flow velocity after emerging equals v as 45 
described for Figures 5 to 7, and the time between the 
merging of the fluid 1 and fluid 2 and the subsequent 
merging of the fluid 3 with them equals k/(2v). and the 
time between the merging of the fluid 3 with the mixture 
of the fluid 1 and fluid 2 and the subsequent merging of 50 
the fluid 4 with them equal ]/v. The values of k/(2v) and 
jA^. which are determined by the length required for mix- 
ing and the time required for reaction, may be identical, 
but are not necessarily identical. In this way, it is possi- 
ble to mix the fluids 1 to 4 in succession at a mixing ratio ss 
of a : b : c : d and at a predetermined time interval. 
Then, even If the number of fluids to be merged is 
increased, needed fluids can be mixed in succession at 



a predetemnined mixing ratio, at a predetermined time 
interval and continuously in the same manner. 
[0156] An embodiment for implementing the above 
description will be described further in detail, using Rg- 
ures 9 to 1 1 . 

[0157] In the following description, the electroos- 
motic flow is used as a liquid delivering means. 
[0158] The capillary of this embodiment is formed 
by laminating a pair of plane plate members with each 
other, and is constituted by a grooved plate 31 having 
on its surface plane-shaped grooves in accordance with 
defined channels and a covering plate 32 laminated 
with the groove-bearing surface side of the grooved 
plate. In the following description, this grooved plate 31 
and covering plate 32 laminated with each other will be 
called a chip. Figure 9 is a plan view showing the 
groove-bearing surface side of this grooved plate 31, 
Rgure 1 0 is a plan view showing a surface opposite to 
the groove-bearing surface side of this grooved plate 
31 , and Figure 1 1 is a partial sectional view of the chip 
and corresponds to the a-a' line section in Figure 10. 
[0159] Respective positions corresponding to por- 
tions for introducing liquid and for reserving waste liquid 
and the like of the groove forming the channel of the 
grooved plate 31 are provided with circular through- 
holes 19 to 22 cutting through the plate surface. Of 
these through-holes, the through-holes 19 to 21 of the 
liquid introducing side are used as reservoirs of sam- 
ples, reagents and the like, the through-hole 22 is used 
as a buffer reservoir and waste liquid reservoir. This 
grooved plate 31 can easily be formed by injection 
molding of PMf^A and the like, using a mold provided on 
the cavity surface with bumps and dips corresponding to 
the plane-shaped groove in accordance with the defined 
channel. 

[0160] As Shown in Figure 9, this capillary com- 
prises a sample channel 23 connected to a sample 
introduction reservoir 1 9, a first reagent channel 24 con- 
nected to a first reagent introduction reservoir 20, a sec- 
ond reagent channel 26 connected to a second reagent 
introduction reservoir 21 , a first mixing channel 25 pro- 
vided in length in accordance with the time of reaction 
between the sample and the first reagent and a second 
mixing channel 27 provided in length corresponding to 
the time of reaction between the sample and the second 
reagent, and uses an edge on the side of buffer/waste 
liquid reservoir 22 of the second mixing channel 27 as a 
detecting portion 29 for a detector. 
[01 61 ] Then, the sample channel 23, the first mixing 
channel 25 and the second mixing channel 27 (includ- 
ing the detecting portion 29) are formed like continuous 
straight lines, a merging point 5 of the first reagent 
channel 24 is set in a predetermined position on the 
upstream side of this straight line-shaped continuous 
channel, and the distance from the merging point 5 
equals the length corresponding to the time of reaction 
between the sample and the first reagent. In addition, a 
merging point 6 of the second reagent channel 26 Is set 
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so that the distance between the detecting portion 29 of 
the second mixing channel 27 and the upstream side 
equals the length corresponding to the reaction 
between the sample and the second reagent. Also, the 
first reagent channel 24 and the second reagent chan- 
nel 26 are merged with the straight line-shaped channel 
at an acute angle. 

[0162] Furthermore, reagent mixing means is con- 
stituted by the first reagent channel 24, the merging 
point 5 and the first mixing channel 25. and the second 
reagent channel 26. the merging point 6 and the second 
reagent channel 27, respectively. 
[01 63] As shown in Rgure 1 1 , a electrode 30 is pro- 
vided on the inner surface of a through-hole 20 that is 
the equivalent of the edge of the upstream of the first 
reagent channel 24. In a similar way, electrodes are also 
provided on the inner surfaces of a through-hole 1 9 that 
is the equivalent of the edge of the upstream of the sam- 
ple channel 23. a through-hole 21 that is equivalent of 
the edge of the upstream of the second reagent channel 
26 and a through-hole 22 that is the equivalent of the 
edge of the downstream of the mixing channel 27. 
[0164] As shown in Figure 10. each electrode 30 is 
connected to a different electrode 33 provided on the 
edge of the liquid introduction side of the grooved plate 
31 with different wiring 28. These electrodes 33 are con- 
nected to the terminal of the power supply in the detec- 
tor, and are arranged so that voltage is separately 
supplied from each electrode 33 to between the 
through-hole 19 and through-hole 22, to between the 
through-hole 20 and through-hole 22, and to between 
the through-hole 21 and through-hole 22. Voltage to be 
supplied to each electrode 33 is controlled in response 
to each defined flow rate at the sample channel 23. the 
first reagent channel 24, the second reagent channel 
26, by a voltage control device in the detector. 
[0165] Furthermore, these electrodes 30, 33 and 
the wiring 28 are formed by performing printing on the 
surface opposite to the groove-bearing surface side of 
this grooved plate 31 with conductive ink containing par- 
ticles such as silver and copper after laminating the 
grooved plate 31 with the covering plate 32 with adhe- 
sive. Also, as shown in Rgure 11, the section of the 
through-hole 20 is shaped into a taper with the groove- 
bearing surface side being narrower, thereby making it 
possible to provide the electrode 30 on the inner surface 
of the through-hole 20 by printing while keeping hori- 
zontal plate surface of the grooved plate 31 . 
[0166] In case this analyzer is used, first, a prede- 
termined amount of buffer is added in the aforesaid 
buffer reservoir 22 of the chip to fill buffer in all the chan- 
nels 23 to 27, and then a predetermined amount of first 
reagent, second reagent and sample are put in the first 
reagent reservoir 20, the second reagent reservoir 21 
and the sample reservoir 19, respectively. Next, voltage 
generating electroosmotic flows con-esponding to the 
set value of the flow rate of each channel is applied sep- 
arately to between the through-hole 19 and through- 



hole 22, between the through-hole 20 and through-hole 
22, and between the through-hole 21 and through-hole 

22 by means of voltage setting of the voltage control 
device. At this time, the set value of the flow rate is set 

; SO that the ratio of the flow rate of the sample channel 

23 to the flow rate of the first reagent channel 24 equals 
the mixing ratio of the sample to the first reagent, and 
the ratio of the flow rate of the first mixing channel 25 to 
the flow rate of the second reagent channel 26 equals 

10 the mixing ratio of the sample and first reagent to the 
second reagent. 

[0167] In this way, the liquid in each channel moves 
at a flow rate corresponding to the set value for each 
channel by means of electroosmotic flows. Specifically, 

15 the sample and first reagent move to the merging point 
5 at a flow rate conresponding to the mixing ratio, and 
are mixed at a ratio corresponding to the ratio of their 
flow rates in the first mixing channel 25. Then they 
reach the merging point 6 after reaction between the 

20 sample and the first reagent is completed, and they flow 
through the second mixing channel 27. Also, the second 
reagent moves from the second reagent channel 26 to 
the merging point 6 at a flow rate corresponding to the 
mixing ratio to the sample, is mixed with the mixture of 

25 the sample and first reagent at a ratio con-esponding to 
the above described mixing ratio in the second mixing 
channel 27, and flows through the detecting portion 29 
after reaction between the sample and the second rea- 
gent is completed. 

30 [0168] Thus, according to this analyzer, once this 
chip is set in the detector described later, the mixing and 
reaction of the sample with the first and second rea- 
gents at a predetemnined ratio are automatically carried 
out. Detection is made for the detecting portion 29 using 

35 the detector described later to detect an analysis com- 
ponent automatically. 

[0169] For describing the present invention more 
cleariy and specifically, the case of a sample and two 
reagents, such as a measurements of total cholesterol 

40 in a serum that is one of specific measurement items in 
medical diagnosis will be described as an example. 
[0170] Usually, the sample is weighed and taken 
using, for example, a 3 jil pipette and is mixed with, for 
example, 200 \i\ of a first reagent solution (reagent 1) 

45 that is weighed and taken, and they are left to react, for 
example, for three minutes. After that. 100 ^1 of a sec- 
ond reagent solution (reagent 2) that is weighed and 
taken is added to the reactant solution and is mixed. 
After they are allowed to react with each other for a pre- 

50 detennined time, for example, ten minutes, the absorb- 
ance of the coloring reagent in the reactant mixture Is 
measured, thereby determining the amount of a detec- 
tion object substance (such as cholesterol) in the sam- 
ple. 

55 [0171] For performing this using the method of the 
present invention, a channel through which the reagent 
1 flows at a flow rate of 2000 nl/min is merged with a 
channel through which the sample flows at a flow rate of 



20 



BNSOOCIO: <EP 1097223A1J_> 



39 



EP 1 087 223 A1 



40 



30 nl/mtn to provide a flow rate of 2030 nl/min, and the 
channel length is designed so that three minutes of 
reaction time can be obtained. Then, this mixture chan- 
nel of the reagent 1 and the sample is merged with a 
channel through which the reagent 2 flows at a flow rate 5 
of 1 000 nl/min to provide a flow rate of 3030 nl/min, and 
the channel length is designed so that ten minutes of 
reaction time can be obtained, and finally, detection 
such as photothermal detection is perfonned. 

[0172] That Is, the flow rate can be accurately con- 10 
trolled by pumps, voltages and the like, thereby making 
it possible to carry out mixing and reaction at deter- 
mined ratio without weighing and taking a fixed volume 
of solution, in particular, in case the post-reaction liquid 
can be set directly in the detector without performing 15 
special separation, the present invention is especially 
useful, for example, in measurements among Biochem- 
ical Items I for medical diagnosis. 
[0173] Furthermore, in the above explanation, the 
linear velocity may be changed by changing the cross- 20 
sectional area of the capillary by means of varying the 
depth as necessary and so on, just as described before. 
[0174] An example of a pattern of a channel is 
shown in Figure 12, A reservoir 1 is a reservoir for the 
sample, a reservoir 2 is a reservoir for the reagent 1 , a 25 
reservoir 3 is a reservoir for the reagent 2 and a reser- 
voir 4 is a reservoir for waste liquid. The sample is 
mixed with the reagent 1 at the merging point 5 and Is 
further mixed with the reagent 2 at the merging point 6. 
The angle formed by both grooves Is a right angle in this 30 
case, but as shown in Figure 13, they may be merged at 
an acute angle, thereby making it possible to further 
reduce the influence by the change in flow rates due to 
pressure from the merging counterpart and so force to 
perform mixing. Furthermore, to perfomri mixing more 35 
efficiently, a protrusion such as a baffie tor disturbing the 
flow may be provided on the emerging area, or mixing 
may be perfomned by means of diffusion with the groove 
width of the merging area being enlarged and the resi- 
dence time being increased. 40 
[0175] In case detection can be carried out without 
requiring separation after reaction between the sample 
and reagent as described before, especially in case of 
Biochemical Examination Items, processes can be con- 
tinuously carried out in a consistent channel from mixing 45 
to reaction to detection without weighing and taking a 
fixed amount for separation. Generally, for example, in 
case a component to be detected can be detected with- 
out being interrupted by other impurities depending on 
absorption wavelengths, and in case a substance to be so 
detected is subject to change such as the case where 
hydroxyl groups In the sample are oxidized and result- 
ant carbonyl groups are detected by a spectrophotome- 
ter, processes can be performed in a continuous 
channel from mixing at a predetermined flow ratio to ss 
reaction and detection without separation. 
[0176] The method of the present Invention can be 
performed continuously over long hours, but is not nec- 



essarily performed over long hours. For example, in the 
description of the previous paragraph, assuming that it 
takes ten seconds to carry out detection, the reagent 1 
and the sample may be merged for 10 seconds at the 
minimum (normally, slightly longer, that is about 20 sec- 
onds), and after three minutes, they may be merged 
with the reagent 2 for ten seconds at the minimum in the 
same manner. Then, after ten minutes, detection is car- 
ried out. That is, in the method of the present invention, 
flow rates are controlled programmatically over time, 
thereby making it possible to perform micro analysis 
efficiently with a minimum amount of reagent and sam- 
ple and without weighing and taking a fixed volume. 
Thus, the accuracy and programmability of flow rate 
control and quick-response are important. For the verifi- 
cation of the flow ratio, correction can be easily carried 
out by passing a standard sample instead of a sample 
and so on. Alternatively, the size of the channel in the 
chip is verified lot by lot in advance, and their correction 
values may be used. 

[0177] Using the method of the present invention, 
not only one object but also a plurality of objects in the 
sample can be measured by sharing of the channel, 
namely wrlh a simple channel design (Rgure 14). That 
is, in the aforesaid illustrative example, the reagent 1 
and the sample are made to react with each other for a 
necessary time, and then after a small time interval, the 
channel of the sample of a predetemnined flow rate (not 
necessarily Identical to the flow rate when mixed with 
the reagent 1 ) is merged with the channel of the reagent 

3 flowing at another predetermined flow rate. Then, 
after reaction for a predetermined time, the reagent 4 is 
merged therewith and a product from reaction of the 
sample with the reagents 1, 2 is measured, and then a 
product from reaction of the sample with the reagents 3, 

4 can be detected using the same detection channel. 
[0178] When the amount of substances on the sam- 
ple such as total cholesterol, triglyceride and bilirubin Is 
directly determined, the product from reaction can be 
measured at a so-called endpoint, and detection may 
be carried out for only one point at the minimum. On the 
other hand, when the activity of enzymes in the sample 
such as GOT, GPT and y-GTP in the blood, detection 
may be can'led out for one point, but a plurality of meas- 
urements (detection) are preferably carried out over 
time in order to ensure high accuracy (rate assay). 
[0179] In this case, detection may be carried out at 
plurality of points on the channel through which the final 
reaction mixture flows, namely at a plurality of points on 
the channel with distances from the point of merging 
with the final reagent (that is reaction time) being differ- 
ent. For this purpose, a plurality of detection systems 
may be placed on the channel of the final reaction mix- 
ture in the detector, or in case of one detection system, 
the detection system (optical system) or the chip may 
be shifted. The thermal lens detection system is shifted 
along the channel, or a plurality of thermal lens detec- 
tion edges are placed on the channel, thereby making it 
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possible to understand changes over tinne in a short 
time or instantly. That is, the channel length corre- 
sponds to the reaction time. This is difficult to innplement 
for stereo chips that are overlaid three-dimensionally, 
but is easy to implennent by combining the plane chip of 
the present invention with the high-sensitive thermal 
tens detector 

(Electrical Liquid Delivery) 

[0180] In this applied invention, a variety of means 
such as mechanical pumps and electrical means may 
be adopted for liquid delivery since each fluid is mixed at 
a predetermined flow ratio. Among them, precise and 
simple liquid delivery controlling means includes electri- 
cal means such as electroosmotic flows as preferable 
configurations. Furthermore, in electrical means men- 
tioned herein, voltage controlling means and current 
controlling means can be also used separately as nec- 
essary. 

[0181] Methods in which liquid delivery is controlled 
by controlling voltage include a method in which an 
electrical field is applied to the liquid in the capillary to 
deliver liquid by means of the electrophoresis and elec- 
troosmotic flow (described in detail in "Capillary electro- 
phoresis" Kodansha Co.. Ltd., etc.). The electroosmotic 
flow is a method in which the liquid moves as ions on the 
inner surface of the capillary move, and in case the cap- 
illary is formed by glass and silicon, protons of silicic 
acid on the surface of glass, etc, provide the mobility 
power. Also, even in case a special kind of ion does not 
exist on the inner surface of the capillary in the chip 
made of organic polymer such as PMMA and PC, it is 
possible to have an electrolyte in the liquid adsorbed by 
the inner surface of the capillary and have the electroos- 
motic flow generated by the movement of the electro- 
lyte, depending on the composition the liquid flowing in 
the capillary. To generate a stable electroosmotic flow, 
an organic polymer having sulfonic groups and carbonic 
groups may be added to the inner surface of the capil- 
lary by means of graft polymerization and the like. 
[0182] In case of liquid delivery by the electroos- 
motic, the flow rate in each channel to be merged may 
be changed by changing the length and the size of the 
section of each channel, by changing the way of apply- 
ing voltage to each channel, and by changing the 
charged condition of the inner surface of each channel 
capillary by the surface treatment 
[0183] Theoretically, the electroosmotic flow is pro- 
portional to C potential dependent on the material of the 
wall face of the capillary and potential difference applied 
to the capillary. To determine the velocity of the elec- 
troosmotic flow taking water at 20°C as an example, 
when 1 00 V/cm is applied in a capillary having 75 mv of 
^ potential, a value slightly more than 0.5 mm/sec is 
obtained for the velocity of the electroosmotic flow. No 
special functions are required for power sources for 
generating the electroosmotic flow, but considering the 



fact that potential difference larger of 1 kV or larger may 
be generated depending on the capillary length, power 
sources able to output high voltage (1 kV or higher) may 
be preferable. These high voltage power sources prefer- 

5 ably have a capability to link directly or via an interface 
board and the like to an external computer for perform- 
ing control. In that way, timing for applying potential dif- 
ference to generate the electroosmotic flow and so forth 
is programmed, and more elaborate control of the elec- 

70 troosmotic flow can be performed. In the chip of the 
analyzer relating to the present invention, the sample is 
accurately controlled by means of the electroosmotic 
flow and/or electrophoresis, is put through separation 
and reaction with other reagents, and then is subjected 

15 to photothermal analysis at the downstream of the 
channel. Particularly, in terms of elaborate control, since 
the electroosmotic flow makes it possible to control the 
flow rate finely and in quick response by control of volt- 
age and accurately in accordance with a set program, 

20 adoption of the electroosmotic flow is one of preferable 
embodiments for applications in which the flow ratio is 
elaborately controlled to carry out necessary chemical 
reactions. 

[0184] Furthermore, methods in which a reaction 
25 product corresponding to the time after start of reaction 
is detected quantitatively such as a rate assay used for 
detection of organism originated substances using 
enzymes and the like may raise a problem in accurate 
measurements in case of liquid delivery by pumps caus- 
ae ing velocity distribution in the section of the capillary. In 
the electroosmotic flow as described above, however, 
accurate detection is possible because the flow of liquid 
is in principle a laminar flow having no difference in 
velocity in the sectional direction of the capillary. 
35 [0185] Also, a laminar flow protruding at the center 
of the flow is caused in the case using a pump, and dif- 
ference in concentration of the substance between the 
tip and the root of the bump may be detected in the ther- 
mal lens detection method, but the fluid is made into a 
40 flat laminar flow and thus stable detection is possible by 
using the electroosmotic flow, which can also be listed 
as a feature. 

[0186] In liquid delivery by pumps, however, by tak- 
ing measures of promoting mixing and diffusion of liquid 
45 constituents by a baffle, etc. provided in the capillary 
and providing a channel length sufficient for enzyme 
reaction, etc. and so forth, accurate detection is also 
possible. 

[0187] As power sources for generating electroos- 
50 motic flows, high voltage power devices (for example, 
Mode 1 t-lCZE-30PN0, 25, Matsusada Precision Co., 
Ltd. capable of up to 30 kV) are used, and these devices 
can be output-controlled from external computers via 
interface boards (for example, DAQCard-1200, CB-50 
55 Connector Block, National Instruments Co., Ltd.), Pro- 
grams for application timing of applying voltage, etc. can 
be made using, for example, Nl-DAQ Drive Software, 
LabVIEW and the like. 
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[0188] Using the analyzer of this embodiment 
described above makes it possible to carry out bedside 
diagnosis in the medical work site and inform outpa- 
tients of examination results on the same day when they 
receive diagnosis, thus enabling selection of remedies 5 
and therapies based on the results to be made quickly. 
Also, quantitative and qualitative analyses of pollutants 
in the river and hazardous substances in wastes and 
the like can easily be carried out at polluted sites. Fur- 
thermore, pollution examination during customs clear- 10 
ance and immediate analysis at cooking sites are 
possible for imported foods. 

[0189] Detection object substances include chemi- 
cal substances, proteins, nucleic acids and the like with- 
out specific limitation, but environmentally polluting is 
chemicals, biological substance in blood/cerebrospinai 
fluid/saliva and urine, biological substance originated 
from organsAissues/mucosa, proteins such as bacteria 
and virus providing infectious sources, DNA, RNA, aller- 
gen and various kinds of antigens may be targeted. 20 
[0190] Advantages of the present invention will be 
described further specifically using examples. 

• Example 1 

25 

[0191] As an example of the present invention, the 
example in which quantitative measurement of total 
cholesterol in serum by the end point assay was carried 
out, controlling the flow of total three solutions that are a 
lipid measurement standard serum and two reagent 30 
solutions for detecting reaction from total cholesterol 
detection kit (product name: Cholesterol E-HA TEST- 
WAKO (manufactured by Wako Chemical Co., Ltd.) will 
be shown. Liquid delivery was performed using the 
electro osmotic flow by application of voltage. 3S 

(Chip Making) 

[0192] First, fabrication of a chip comprising a cap- 
illary will be described. 40 
[0193] The absorbance of plate-like organic poly- 
mer bases was measured to predict influence on a ther- 
mal lens, providing basic data for selection the material 
of usable polymer bases. The measuring method and 
results will be described. 45 
[0194] For measuring equipment, UV-2200A (UV- 
ViS Recording Spectrophotometry) manufactured by 
Shimadzu Co., Ltd. was adopted. For a measuring 
method, samples made of same materials that are dif- 
ferent in thickness are prepared and cut in a size suffi- so 
cient for covering an entire optical path, followed by 
erecting the sample on a measuring cell inserting por- 
tion so that the plate surface is perpendicular to the opti- 
cal path without using a measuring cell. First, of the 
prepared plates made of same materials, two thinnest ss 
plates were used to make initial correction. For actual 
measurement, absorbance was measured using thin- 
nest plates for reference and plates that were different 
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in thickness as SEimples for measurement. For measur- 
ing wavelengths, three wavelengths of 488 nm, 633 nm 
and 780 nm were used. Details such as materials used 
will be described below. 

(1) Samples for measurement 
[01 95] 

(a) Methacryl resin (Delpet 560 F : t = 2 mm, 3 mm) 
manufactured by Asahi Chemical Industry Co., Ltd. 

(b) Acrylic resin (Clarex : t=0.3 mm, 0.5 mm)manu- 
factured by Nitto Jushi Kogyo Co., Ltd. 

(c) Acrylic resin {Sumipex : t=4.5 mm, 1 0 mm) man- 
ufactured by Sumitomo Chemical Co., Ltd. 

(d) Methacryl resin (Acrylite : X-2 mm, 5 mm) man- 
ufactured by Mitsubishi Rayon Co., Ltd. 

(e) Polycarbonate resin (Panlite AD 5503 : t = 1 
mm, 2 mm) manufactured by Teijin Chemical Co., 
Ltd. 

(f) Methacryl resin (Deraglass A : t = 2 mm, 3 mm) 
manufactured by Asahi Chemical Industry Co., Ltd. 

(g) Polycarbonate resin (Eupilon/Sheet : t = 0.5 
mm, 1.0 mm, 2.0 mm) manufactured by Mitsubishi 
Engineering- Plastics Co., Ltd. 

(h) Polycarbonate resin (PCSM PS600 : t = 0.5 mm, 
1 mm) manufactured by Takiron Co., Ltd. 

(i) Polycarbonate resin (Rectangle Plate : t = 1 mm, 
3 mm) manufactured by Takiron Co., Ltd. 

(j) Polyester resin (PETEC PET6010 : t = 1 nnm, 3 

mm) manufactured by Takiron Co., Ltd. 

(k) Polyvynil Chloride resin (ESS8800A : t = 1 mm, 

3 mm) manufactured by Takiron Co., Ltd. 

(I) Laminate film (MS Poutch : t = ICQ ^m, 150 jim) 

manufactured by Meiko Shokai Co., Ltd. 

(2) Measurement results 

[0196] A summary of measurement results is 
shown in Figure 15. Furthermore, for bases of (a) to (I), 
the output by thermal lens detection was measured 
together. For measurement, excitation light and detec- 
tion light were applied only to polymer bases to be 
measured and values at focal positions providing high- 
est output by thermal lens detection were recorded. At 
this time, samples having thickness closest to the thick- 
ness of the real chip (2 mm) were measured, or meas- 
urements for two samples different in thickness were 
averaged. 

[0197] Furthermore, for polycarbonate resin manu- 
factured by Mitsubishi Engineering Plastic Co., Ltd. (g), 
variation in output by thermal lens detection due to 
measuring locations is significant and uneven distribu- 
tion of substances such as micro crystals absorbing 
light can be predicted. 

[0198] From the results shown in Figure 15, it 
became evident that there is a correlation between 
absorptance (converted from absorbance) possessed 
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by polymer bases in essence and obtained output by 
thernria! lens detection. (Wavelength of excitation light of 
thermal lens detection : 633 nm). 
[0199] When measurement was carried out, having 
xylene cyanol pigment (concentration of 5 pM) sand- 
wiched between two glass plates as a reference meas- 
urement, the output by thermal lens detection was 
about 20 mV. 

[0200] Then, a polycarbonate base having grooves 
on the surface was covered with the aforesaid laminate 
film (t = 100 ^m) manufactured by Meiko Shokai Co.. 
Ltd., and xylene cyanol pigment (concentration of 5 ^M) 
was to be measured in a similar way using a chip having 
grooves formed into a capillary, but 10 mV was detected 
as a background and precise measurement became dif- 
ficult due to this background. From the above described 
measurements, the absorbance of the laminate film 
used is 0.0085 for t = 50 jim (150 pm • 100 |xm), thus 
equaling about 4% for t = 100 ^im when converted to 
absorptance. In this case, however, a thermoset adhe- 
sive is used for the laminate film used, variation in back- 
ground values that can be ascribed to its uneven 
distribution is observed. In the measurement of absorb- 
ance, however, since this variation is averaged, it is con- 
ceivable that partial absorptance is larger than 4%. 
Also, considering a possibility that a sample having 
higher concentration than the above described xylene 
cyanol pigment is measured, the acceptable 
absorptance of excitation light by the polymer base in 
case of measurement in this concentration range can 
be 5%. This value is a reasonable one if compared to 
the value evaluation described below. 
[0201] The measurement value of 20 mV in the 
above described reference measurement is a quite 
standard value in measurement of biochemical sub- 
stances measured in medical diagnosis and the like, 
and the value of 0.0005 is obtained as a value of 
absorbance when converted for a capillary with depth of 
50 |Am used in the measurement. In the thermal lens 
detector used in the present example, the lock-in ampli- 
fier output as a detection limit when using synthetic 
quartz considered as the most ideal transparent base 
material (background = 0 mV) is about 0.5 mV. Thus, 
measurement of high sensitivity in which the concentra- 
tion is further reduced by a factor of one to ten is possi- 
ble, and imparting further high sensitivity to real 
measurement values is preferable in maintaining accu- 
racy of a measuring system, regardless of whether 
medical diagnosis or not. As shown in Figure 5, how- 
ever, if the polymer base to be used for the chip itself 
have absorbancy for the excitation light and the like, out- 
put by the thermal lens detection is generated as a 
background, thus causing an en-or. Assuming that rela- 
tive to 20 mV of thermal lens output for the above 
described xylene cyanol pigment (concentration of 5 
p,m), measurement is made for up to one-ten of the con- 
centration, and that it is possible to accept up to ten 
times, desirably up to five times and further desirably up 



to two times as high as the signal from a measuring 
object substance as acceptable ranges of the back- 
ground, the output would be 20 mV when accepting up 
to ten times, 10 mV when accepting up to five times and 

5 4 ml when accepting up to two times. Looking at these 
values together with measurement values shown In Fig- 
ure 15, with a variation in measurement in considera- 
tion, the absorptance may be desirably 5% or less, 
preferably 2% or less, and further preferably 1% or less. 

10 [0202] Further, a numerically reasonable value will 
be calculated. Assume that as a practical value, an 
object substance with absorbance in the range of 2 to 
0.01 as a value of absoriDance converted when a 
cubette with optical path length of 1 cm is used is meas- 

15 ured. This value equals 1 to 97.7% as transmittance 
and 99 to 2.27% as absoptance. Assuming that absorp- 
tion is performed uniformly along the optical path length, 
absorptance would be 0.495 to 0.01 1% for 50 ^im of 
optical path length. Assuming that it is possible to 

20 accept up to ten times, desirably up to five times and fur- 
ther desirably up to two times as high as the signal from 
the measuring object substance as a background, and 
that decrease in themnal lens effect due to shift from the 
focal position of the excitation light is cut in half, values 

25 of 9.9 to 0.22% when accepting up to ten times, 4.95 to 
0.11% when accepting up to five times and 1.98 to . 
0.044% when accepting up to two times would be 
obtained. 

[0203] That is, these values show absorptance of 

30 the excitation light between its entrance and outgoing by 
the plate member forming the chip, which is accepted in 
case a substance with absoriDance of 2 to 0.01 in a 
cuvette having optical path length of 1 cm is put in the 
capillary with depth of 50 ^m to measure the same by 

35 thermal lens detection. Furthermore, it means that if 
absorptance of the excitation light between its entrance 
and outgoing by the chip comes to 1 0%, measurement 
of substances that can be measured by an absorptance 
meter using a cuvette of 1 cm becomes impossible even 

40 though It is possible to accept a maximum as back- 
ground. Thus, the upper limit of the acceptable range of 
practical absorptance may be 2 to 5%. This value may 
be reasonable if compared to the relationship between 
the above described practical absorptance of the poly- 

45 mer base and the output by the thenmal lens detection. 
[0204] However, when measuring in the future a 
measurement substance having absorbance much 
higher than 2 converted for the case where the current 
cuvette having optical path length of 1 cm, the value of 

50 absorptance of acceptable resin polymers can be fur- 
ther increased. Furthermore, it is needless to say that 
even if the depth of the capillary is increased, similar 
effects are obtained and the absorptance of the 
accepted resin polymer can be increased. 

55 [0205] Also, it is apparent that there is no influence 
of the above described background in case the optical 
axis of the detection light is largely shifted from the opti- 
cal axis of the excitation light in a chip area. 
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[0206] Now. a method of fabricating a chip used for 
detection for an actual biochemical system will be 
described. 

[0207] The plane plate member comprising the chip 
is molded with injection molding. The resin used for the 
injection molding is a methacryl resin (Delpet 560 F 
manufactured by Asahi Chemical Industry Co. Ltd.). As 
for gas, carbon dioxide with purity of 99% is used. SG 
50 manufactured by Sumitomo Heavy Industries Co., 
Ltd. Is used as a molding machine. Equipment shown In 
Figure 16 Is used as mold equipment. 
[0208] In Rgure 1 6, around a mold cavity 1 03 of a 
mold 101 is a suction and exhaust slot 104 for suction- 
ing and exhausting carbon dioxide from and to the mold 
cavity 1 03 through a gap 1 02 of a parting face, and such 
a suction and exhaust slot 104 is linked to a supply 
source of carbon dioxide through an out-of-moid aera- 
tion hole 105. Outside the mold cavity 103 exists an O- 
ring slot 1 06 for keeping the mold cavity 103 pressured 
in which an O-ring 107 is placed. The out-of-mold aera- 
tion hole 105 is linked to a carbon dioxide source 109 
through a gas conductor 1 11 . A pressure gage 110 and 
a safety valve 10B are coupled with the gas conductor 
111. 

[0209] The mold surface is formed by an insert 
block or stamper 112, and the surface of such a nest or 
stamper 1 12 Is processed into a fine shape of capillary. 
The fine shape Is a shape shown in Figure 17, and the 
shape of the groove of the cross section of the a-a* line 
is a trapezoid (bump) with width of 301 |im, depth of 50 
nm and cross-sectional area of 14500 \m^. 
[0210] Resin is injected from a gate through a run- 
ner to the mold cavity 1 03. 

[0211] The transfomnability of the condition of the 
mold surface is evaluated through observation with an 
optical microscope and shape measurement with a 
laser microscope. 

[021 2] Also, molded'products are observed through 
observation with an optical microscope, observation of 
the shape of grooves of a cut section with an optical 
microscope and electron microscope, shape measure- 
ment with a laser microscope and the like. 
[0213] Using the mold equipment shown in Figure 
1 6, carbon dioxide is charged into the mold with temper- 
ature of the moid cavity surface of SO'^C at pressure of 
5.0 MPa. Then, methacryl resin with resin temperature 
of 240^C is injected into the mold, the resin in the cylin- 
der is kept at pressure of 80 MPa for ten seconds and is 
cooled for twenty seconds, and then a molded product 
is taken out. The carbon dioxide charged into the mold 
is released into the atmosphere concurrently with com- 
pletion of fiiling of resin, and a plane plate member hav- 
ing grooves on the surface is molded. 
[0214] The surface of the molded product obtained 
was smooth, and the transferred groove in the area cor- 
responding to the cross section of the a-a' line of the 
stamper had width of 303.0 ^m, depth of 49.7 \xm and 
cross-sectional area of 14300 ^m^. Thus, the groove 



was transferred with accuracy of dimension within 2% 
for width and depth and within 4% for cross-sectional 
area. 

[0215] The molded plane plate member is 120 mm 

5 long and 80 mm wide and 2 mm thick, and is provided 
with grooves having patterns as shown in Figure 18. 
Through-holes with diameters of 3 mm for reserving liq- 
uid are provided at four points, and a reservoir 213 is a 
reservoir for sample, a reservoir 214 is a reservoir for 

10 reagent 1 , a reservoir 215 is a reservoir for reagent 2, 
and a reservoir 21 6 is a reservoir for wastes. The reser- 
voir 213 is equipped with a filter for separation of blood 
cells, and when a sample (whole blood) is dropped, 
blood cells interrupting detection are removed and 

15 blood plasma is sent to the capillary. For the size of 
grooves, a groove 217 is 15 ^m wide and 10 ^m deep 
and 1 cm long, a groove 21 8 is 200 |im wide and 50 |xm 
deep and 1 cm long, a groove 21 9 is 203 fim wide and 
50 \xm deep and 3 cm long, a groove 220 is 100 ^m 

20 wide and 50 jim deep and 4 cm long, and a groove 221 
(length between the merging point with the groove 220 
and the detecting portion) is 303 |im wide and 50 \im 
deep and 5 cm long. This molded product is laminated 
with a methacryl resin sheet with thickness of 300 p.m 

25 using a hot melt type adhesive to produce a chip. 

[0216] then, for the purpose of augmentation of the 
electroosmotic flow and cleaning, etc. of the inner sur- 
face of the capillary of the chip, the inside of the capil- 
lary is filled with 1 N-NaOH solution (manufactured by 

30 Wako Chemical Co., Ltd.), and is heated at eO'^C for 
twenty four hours. After that, the inside of the capillary Is 
washed with purified water (Kyoei Pharmaceutical 
Co., Ltd.) using plH as an indicator until neutralization is 
achieved and is dried. 

35 [0217] Next, wiring and an electrode for connection 
of power source terminals in the detector are printed 
with a conductive ink (MSP-600F manufactured by Mit- 
sui Chemical Co., Ltd.) containing silver particles on the 
opposite side (side with through-holes) of the plane 

40 plate member, and a platinum-plated eyelet made of 
brass is set as an electrode for reservoir to complete a 
chip (Figure 19). 

[0218] Figure 20 is a sectional view of the c-c' line 
shown in Figure 19. The analyzer is equipped with an 

45 electric power unit able to apply predetermined voltage 
to the reservoirs 21 3 to 216. a detector able to carry out 
detection by photothermal detection at a position indi- 
cated by a code of 223 of Figure 1 9. and a printer to cal- 
culate measurements from detection data and output as 

so well. 

(Quantitative Determination of Total Cholesterol in 
Blood Serum) 

55 (Preparation of Standard Serum) 

[0219] The method of preparation of standard 
serum for measuring lipid by Kyowa Medix Co., Ltd. is 



25 



BNSDOCID: <EP 1087223A1 J.> 



49 



EP 1 087 223 A1 



50 



partially modified, and standard serum is prepared. 
Specifically, one vial of freeze-dried product is dissolved 
using 851 of attached standard serum dissolving 
solution and is prepared so that total cholesterol equals 
800 mg/dl as a calculated value, thus providing a stock 
solution. Then, the stock solution Is diluted with 
attached standard serum solution to prepare solutions 
including 200 mg/dl and 50 mg/dl of total cholesterol as 
calculated values. 

(Preparation of Detection Kit) 

[0220] HA Test Wako Cholesterol E-HA Test Wako 
(Wake Chemical Industry Co., Ltd.) is used to follow an 
attached protocol. 

(Detection of Total Cholesterol) 

[0221] About 1 4 jil of buffer was dropped in the res- 
ervoir 216 to fill the entire capillary with buffer, followed 
by dropping about 14 pi of reagent 1 in the reservoir 
214, about 14 p.1 of reagent 2 in the reservoir 215 and 
about 14 ^ll of sample in the reservoir 213. 100 V was 
applied to the electrodes of the reservoirs 213 to 215 
against the reservoir 218, and an electroosmotic flow 
was generated from the reservoirs 213 to 215 to the res- 
ervoir 21 6. At this time, fine adjustments were made so 
that the flow rate in each groove was 1.5 nl/min in the 
groove 217, 100 nl/min in the groove 218, 101.5 nl/min 
in the groove 219, 50 nl/min in the groove 220 and 151.5 
nl/min in the groove 221. For measurement of the flow 
rate, the flow rate of non-polar beads (manufactured by 
Otsuka Electronics, <^: 520 nm) was measured for the 
purpose of convenience of experiments. Reaction 
between the sample and the reagent 1 requires three 
minutes, but the length of channel and applied voltage 
are set in advance so that the reaction is completed 
while the sample is mixed with the reagent to move in 
the groove. Similarly, reaction between the sample and 
the reagent 2 requires five minutes, but the length of the 
channel and applied voltage are set in advance so that 
the reaction is completed while the sample moves In the 
groove. The sample completing reaction wets detected 
in the detecting portion 223 shown in Figure 1 9 by the 
photothermal detection using a laser with wavelength of 
633 nm for excitation light and a laser with wavelength 
of 780 nm for detection light as described later. 
[0222] In case the volume of the channel needs to 
be corrected, a reservoir for standard samples is pre- 
pared in the vicinity of the reservoir 213 for samples in 
the chip, the standard sample together with the rea- 
gents 1 . 2 is delivered, made to react and measured, 
and correction is made from the results. 
[0223] Furthermore, for an electric power source to 
generate electroosmotic flows, a high voltage electric 
power source (Model HCZE-30PNO, 25. Matsusada 
Precision) was connected to an external computer, and 
voltage was controlled with this computer. At this time, 



the output of the high voltage electric power source was 
controlled via an interface board (DAQCard-1200, 
1200CB-50 Connector Block, National Instrument), and 
programs for timing of application of voltage, etc. were 
5 created using software (N1 -DAQ Drive Software, Lab- 
VIEW). 

(Configuration of Photothermal Detector) 

10 [0224] The detector based on the principle of pho- 
tothermal conversion, which was used, is shown in Fig- 
ure 21 (details of optical parts are omitted). As for a 
microscope, an inverted microscope (1X70, manufac- 
tured by Olympus Co., Ltd.) was used, considering ease 
15 of handling of samples on the stage. This may be a fall- 
ing type mteroscope. This microscope is already modi- 
fied so that laser beams made to be coaxial can be 
introduced. As for lasers, a He-Ne laser (633 nm, 10 
mW, manufactured by Edmund Scientific) was used for 
20 excitation, an infrared semiconductor laser (780 nm, 15 
mW, DL-4034-151 manufactured by Sanyo Electric Co., 
Ltd.) for detection. For these lasers, lasers with appro- 
priate frequency may be used depending on reagents 
used and the absorption spectrum of resulting reac- 
ts tants. 

[0225] The type of lasers includes gas, solid and 
semiconductor types without limitation. For optical sys- 
tems such as mirrors and beam expanders, products 
manufactured by Melles Griot Co., Ltd. were exclusively 

30 used. The laser beam for excitation is modulated by a 
light chopper, and is then made by a dichroic mirror to 
be coaxial with the laser beam for detection, and is 
guided to the microscope to be applied to the sample. 
[0226] After the laser beam is applied to the sam- 

35 pie, among the excitation light and the detection light 
made to be coaxial, the excitation light is removed by a 
filter and the detection light is guided to a photosensor. 
For elements of a laser beam receiving portion, a pho- 
tosensor amplifier with fiber (C6386, manufactured by 

40 Hamamatsu Photonics Co., Ltd.) was used considering 
convenience of handling. The light receiving portion of 
this photosensor is covered with a cover having a pin- 
hole. The outputs from the photosensor and the sensor 
amplifier are amplified with a low-noise preamplifier (Ll- 

45 75A, manufactured by NF Circuit Block Co., Ltd.), and 
then is guided to the lock-in amplifier for signal process- 
ing. 

[0227] Procedures for detecting the condition in the 
capillary using this detector are as follows. As shown in 

50 Figure 21, first, the chip is put on the stage of the 
inverted microscope. For focusing of the objective lens, 
focusing at the positions of the upper edge and lower 
edge of a capillary pattern was carried out while refer- 
ring a monitor screen, using a laser for excitation, and 

55 then the midpoint between upper and lower edges of 
the capillary pattern is deflned as the center position of 
the capillary to achieve focussing. 
[0228] Furthemnore, as described above, when the 
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capillary depth is in the range of 50 to 1 00 ^m, the 
objective lens may be adjusted in the range of NA = 0.2 
to 0.8. the numerical aperture may be selected from the 
numbers of 0.2, 0.4 and 0.6 such that optimal sensitivity 
can be obtained, in the present example, however, the 5 
depth of the capillary Is 50 ixm, the highest concentra- 
tion sensitivity was obtained using the thermal lens 
detection when using an objective lens with the numeri- 
cal aperture of 0.4. In this condition, in order to ensure 
that a sufficiently effective value is obtained and that 10 
stray light of the excitation light does not exist in the light 
detector, a check is made to see that the output by the 
aforesaid thermal lens detection is adequately reduced 
unde^ the condition that only the excitation light is let in. 
Next, the convergent angle of the beam expander of the 75 
detection light Is adjusted to the position such that a 
maximum signal is provided, while looking at the output 
by the thermal detection. 

[0229] At this time, in order to determine an optimal 
focal position for the present example, the chip was put 20 
on a X-Z stage (manufactured by Sigma Koki) allowing 
the chip to be controlled by unit of |im in the 2 direction, 
and the change of the output by the thermal detection 
when making the chip to shift in the Z direction was 
examined. The result is shown in Figure 22. In case of 25 
the present example, since emphasis is put on the con- 
centration sensitivity in a certain area rather than meas- 
urement in an uttramicro area, the focal point of the 
excitation light is not necessarily equal to the center of 
the capillary. In terms of concentration sensitivity, this 30 
excitation is more advantageously applied in the direc- 
tion covering the entire capillary, but if the excitation is 
excessively spread in contrast, the intensity of the exci- 
tation light in a measuring area is reduced and heat dif- 
fusion affect the thermal lens detection output to be 3S 
weakened, so an optimal value exists. In case of the 
present example, as shown in Figure 22, output by the 
thermal lens detection is obtained In the range of ±50 
^m around the focal position of the excitation light, 
namely a position at the distance of 160 ^m from the 40 
capillary in the plane plate member opposite to the cap- 
illary when viewing from the irradiation side. This opti- 
mal value is obviously varied depending on the width 
and depth of the capillary, it is still preferable that the 
temperature varying area is broadened in order to 4S 
enhance the concentration sensitivity. 
[0230] After focussing is implemented, the sample 
and reagent are Introduced into the chip, mixing and 
reaction of the sample and reagent are carried out, and 
the solution containing a reaction product is guided to so 
the detecting portion, as described above. 
[0231] The laser for excitation is modulated with a 
light chopper to. for example, 1 1 6 Hz. and then the reac- 
tion product contained in the solution flowing in the 
detecting portion is excited to produce heat. The fre- ss 
quency of the modulation by this light chopper could be 
changed due to the SN ratio and the like. Since the focal 
position of the laser for detection is shifted due to the 



thermal lens generated by this heat production, and 
thus the quantity of received light of the photosensor 
through pinholes varies depending on the heating val- 
ues, a predetermined component contained in the sam- 
ple can be analyzed from this variation. 

[0232] Although the flow of the sample may be 
either stopped or continued during measurement, 
measurement was carried out after stopping the flow of 
the sample in the present example. The signal from the 
photosensor is processed by the lock-in amplifier, using 
one second as a time constant in this case, only signals 
having the same frequency as the light chopper, 116 
Hz, were selectively used as output. The output voltage 
of the lock-in amplifier is proportional to the concentra- 
tion of the reaction product excited by the excitation 
light, thus making it possible to quantify the reaction 
product. 

[0233] For the result of the present example, a cali- 
brated curve was created from five measurements 
using standard serums containing 800 mg/dl and 50 
mg/dt of total cholesterol. The measurement of standard 
serums containing total cholesterol equating to 200 
mg/dl is carried twenty times, and 3% of CV value was 
obtained. From the above described result, total choles- 
terol in the sample could be detected with good repeat- 
ability using such a "analyzer". 

• Example 2 

[0234] As one example of the present invention, an 
example in which total two solutions of standard serum 
and a reactant reagent obtained by modifying an aspar- 
tic aminotransferase (GOT) activity measurement kit 
(TA-LN Kainos (Kainos Laboratories Inc.)) were flow- 
controlled to perform quantitative determination aspar- 
tic aminotransferase (GOT) in the serum that is meas- 
ured by a rate assay will be shown. Because of the rate 
assay, reaction stop solution was not used. 

(Fabrication of Analyzer Including Chips) 

[0235] First, a chip Is molded with injection molding 
in the same way as Example 1 , except that modification 
is made such that the pressure at which carbon dioxide 
is charged into the mold is 2.0 MPa, 70 NHX is used as 
methacryl resin, and the nest and stamper having a pat- 
tern shown in Figure 23 is used in Example 1 . 
[0236] The plane plate member configuring the chip 
is 1 2 cm long and 8 cm wide and 2 mm thick, and has 
grooves of a pattern as shown in Figure 23 formed ther- 
eon. Through-holes with diameter of 3 mm for reserving 
liquid are provided at three points, reservoirs 319, 320 
and 321 are reservoirs for the sample, reagent 1 and 
waste 2. respectively. The reservoir 319 is equipped 
with a fitter for separation of blood cells, and when a 
sample (whole blood) is dropped, blood ceils inten'upt- 
ing detection are removed and blood plasma is sent to 
the capillary. For the size of grooves, a groove 301 is 30 
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Jim wide and 30 jim deep and 1 cm long, a groove 302 
is 30 \iw wide and 30 |im deep and 1 cm long, and a 
groove 303 is 60 |j.m wide and 30 jim deep and 5 cm 
long. 

[0237] Next, for the purpose of cleaning, etc. of the 
inner surface of the capillary of the chip, the inside of the 
capillary is filled with IN-NaOH solution (Wako Chemi- 
cal Co., Ltd.), and is heated at 60"C for twenty four 
hours. After that, the inside of the capillary washed with 
purified water (Kyoei Pharmaceutical Co., Ltd.) using 
pH as an Indicator until neutralization achieved, and is 
dried. 

[0238] This plane plate member is laminated with a 
PMMA covering plate (plane plate member) having 
same size as the aforesaid plane plate member and 
thickness of 200 jim using adhesive to form a capillary. 
Then, in order that it can also be used for electrification 
for liquid delivery, wiring, electrodes for liquid reservoirs 
and an electrode for connection of power source termi- 
nals are printed with a conductive ink (MSP-600F, man- 
ufactured by Mitsui Chemical Co.. Ltd.) containing silver 
particles on the opposite side (side with through-holes) 
of the plane plate member to complete a chip for analy- 
sis (Figure 24). The reservoir is formed into a shape of 
taper so that printing can be made on the inner wall 
without tilting the chip. 

[0239] Figure 25 is a sectional view of the a- a' in 
Figure 24. The analyzer is equipped with electric power 
units able to apply predetermined voltage to the reser- 
voirs 319 to 321 . These electrodes units are not used in 
the Example 2, but are used in Example 4 in which the 
electroosmotic flow is used as liquid delivering means. 
Also, it is equipped with a detector so that detection can 
be made using the photothermai detection at the posi- 
tion of 329 in Rgure 24, and further with a printer to cal- 
culate measurement results from detection data and 
output as well. 

(Preparation of Detection Kit) 

[0240] As a detection kit, TA-LN Kainos (Kainos 
Laboratories Inc.) that we had asked Kainos Laborato- 
ries Inc. to manufacture in a special manner and pur- 
chased was used. The kit was different from off-the- 
shelf products in that a solution of sodium 3,5-dimeth- 
oxy-N-ethyl-N-(2-hydroxy-3-suifopropyl)-anilin e 
(DAOS) (Dojin Chemical Laboratory Co., Ltd.) dissolved 
in a detecting reagent made by removing only sodium 
N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine 
(TOOS) from the GOT substrate buffer so as to be in a 
concentration of 10 mM was used as the GOT substrate 
buffer. 

[0241] Then, one vial of GOT reactant reagent is 
dissolved in 8 ml of GOT substrate buffer to provide a 
reagent 1 . This operation was performed so that the 
mixing ratio of the reagent 1 with diluted serum 
described later was 1:1. Also, a reaction stop solution 
for use in the standard protocol of TA-LN Kainos was 



unused because of detection by the rate assay. 

(Preparation of Standard Serum) 

5 [0242] In the present example, serum was used 
instead of whole blood. 

[0243] The preparation method of Suitrol A (manu- 
factured by Nissui Phanmaceutical Co., Ltd.) was par- 
tially modified to prepare a standard serum. Specifically, 

10 one vial of freeze-dried product was dissolved using 
1 174 111 of purified water (manufactured by Kyoei Phar- 
maceutical Co., Ltd.) and preparation was made so that 
the activity of GOT equaled 600 Karmen unit (KU) as a 
calculated value to provide a stock solution. Then, the 

15 stock solution was diluted with purified water (manufac- 
tured by Kyoei Phamnaceutical). and serum solutions 
(hereinafter refen^ed to as GOT dilute serums) including 
GOTS showing 300 KU, 1 50 KU and 75 KU of activity as 
calculated values were prepared. Furthermore, 75 KU, 

20 1 50 KU and 300KU of GOT dilute serums that had been 
already modified were diluted with the GOT substrate 
buffer of modified TA-LN Kainos by a factor of 26 in vol- 
ume and were used for GOT detection evaluation. In 
other words, solution with 250 |x! of modified GOT sub- 

25 strate buffer added to 1 0 ^1 of the GOT dilute solution 
was prepared. 

(Detection of GOT) 

30 [0244] At the edge of the top of the Y-shaped capil- 
lary, microsyringes (manufactured by Hamilton Co., 
Ltd.) in which the reagent 1 and the dilute serum were 
placed, respectively were coupled using Teflon tube and 
a rubber stopper. 

35 [0245] Solution for use was preheated in advance 
to 37"C, the microsyringe was fitted to a syringe pump 
(manufactured by Harvard Co., Ltd.), and the solution 
was delivered. 

[0246] At this time, the flow rate in each groove was 
40 1.5 nl/min in the groove 301, 1.5 nl/min in the groove 
302 and 3.0 nl/min in the groove 303. 
[0247] Measurements were made from the region 
with reaction completed to each reaction progressing 
point by scanning at a fixed speed from the reservoir 
45 321 towards the merging point of the reservoir 319 and 
reservoir 320 with the photothermai detection using 633 
nm of wavelength for excitation light and 780 nm of 
wavelength for detection lighL 

[0248] That is, the point of measuring concentration 
50 with the photothermai detection is moved at the speed 
of 1 .5 cm/sec along the groove. Specifically, positioning 
was made precisely by recognizing a positioning mark 
placed near the groove after one second of movement, 
focusing was achieved visually, and detection was car- 
55 ried out with the photothermai at each measuring point 
for ten seconds. That is, in the example, the rate of 
change in detection values characteristic of the rate 
assay can be detected in a short time depending on 
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intervals of positioning marks being placed. 

[0249] In case the volume of the channel needs to 
be corrected, a reservoir for a standard sample is pre- 
pared in the vicinity of the reservoir for the sample in the 
chip, a standard sample together with the reagent 1 is s 
delivered, made to react and measured before or after 
the measurement of the sample, and correction is made 
from the result 

(Configuration of Photothermal Detector) io 

[0250] For a detector based on principle of photo- 
thermal conversion, a detector same as that in Example 
1 was used (Figure 21). 

[0251 ] As for a microscope, an inverted microscope 15 
(1X70, manufactured by Olympus Co.. Ltd.) was used, 
considering ease of handling of samples on the stage. 
This may be a falling type microscope. This microscope 
is already modified so that laser beams made to be 
coaxial in the optical system outside the microscope 20 
can be Introduced. As for lasers, a He-Ne laser (633 nm, 
10 mW, manufactured by Edmund Scientific) was used 
for excitation, an infrared semiconductor laser (780 nm, 
12 mW. DL-4034-151 manufactured by Sanyo Electric 
Co., Ltd.) for detection. For these lasers, lasers with 25 
appropriate frequency may be used depending on rea- 
gents for use and the absorption spectrum of resulting 
reactants. 

[0252] The type of lasers includes gas, solid and 
semiconductor types without limitation. For optical sys- 30 
terns such as mirrors and beam expanders, products 
manufactured by Melles Griot Co., Ltd. were exclusively 
used. The laser beam for excitation is modulated by a 
light chopper, and is then made by a dichrolc mirror to • 
be coaxial with the laser beam for detection, and is 3S 
guided to the microscope to be applied to the sample. 
[0253] After the laser beam is applied to the sam- 
ple, among the excitation light and the detection light 
made to be coaxial, the excitation light is removed and 
the detection Fight is guided to a photosensor. For ele- 40 
ments of a laser beam receiving portion, a photosensor 
amplifier with fiber (C6386, manufactured by Hama- 
matsu Photonics Co., Ltd.) was used considering con- 
venience of handling. The light receiving portion of this 
photosensor is covered with a cover having a pinhole. 45 
The outputs from the photosensor and the sensor 
amplifier are amplified with a low-noise preamplifier (Ll- 
75A, manufactured by NF Circuit Block Co., Ltd.), and 
then is guided to the lock-in amplifier for signal process- 
ing, so 
[0254] Procedures for detecting the condition in the 
capillary using this detector are as follows. As shown In 
Figure 21. first, the chip is put on the stage of the 
inverted microscope. The sample and reagent are intro- 
duced into the chip, mixing and reaction of the sample 55 
and reagent are carried out as described above. For 
implementation of measurement positioning is made 
precisely by moving the stage at the speed of 0.5 
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cm/sec and recognizing a positioning mark placed near 
the groove after one second of movement. For focusing 
of the objective lens, focusing at the positions of the 
upper edge and lower edge of a capillary pattern was 
carried out while referring a monitor screen, using a 
laser for excitation, and then the midpoint between 
upper and lower edges of the capillary pattern is defined 
as the center position of the capillary to achieve focuss- 
ing. 

[0255] The laser for excitation is modulated with a 
light chopper to 1 1 4 Hz, and then the reaction product 
contained in the solution flowing in the detecting portion 
is excited to produce heat The frequency of the modu- 
lation by this light chopper could be changed due to the 
SN ratio and the like. Since the focal position of the laser 
for detection is shifted due to the thermal lens gener- 
ated by this heat production, and thus the quantity of 
received light of the photosensor through pinholes var- 
ies depending on the heating values, a predetermined 
component contained in the sample can be analyzed 
from this variation. 

[0256] The signal from the photosensor is proc- 
essed by the lock-in amplifier, using one second as a 
time constant in this case, only signals having the same 
frequency as the light chopper, 1 14 Hz were selectively 
used as output. The output voltage of the iock-in ampli- 
fier is proportional to the concentration of the reaction 
product excited by the excitation light, thus making it 
possible to quantify the reaction product. 
[0257] For the result of the present example, a cali- 
brated curve was created from five measurements 
using standard serums containing GOTs showing 300 
KU and 75 KU of activity, and measurement of GOT 
dilute serum showing GOT activity equal to 150 KU was 
performed twenty times, and the CV value of 1% was 
obtained. From the above described result, the GOT in 
the sample could be detected with good repeatability 
using such an "analyzer". 

• Example 3 

[0258] Measurement of total cholesterol was car- 
ried out using a photothermal detector similar to that in 
Example 2, and using a Y-shaped channel chip made of 
PMMA (Figure 23) made by injection molding as in case 
of Example 2, except that an Ar laser having an emis- 
sion at 488 nm was used for the detection light. The 
groove width and depth of the Y-shaped channel of such 
a chip are 200 ^m and 50 ^m. respectively. Cholesterol 
E-Test Wako manufactured by Waco Chemical Co., Ltd. 
was used as a reagent Microsyringes (manufactured by 
Hamilton Co.. Ltd.) in which a coloring reagent and 
dilute standard serum respectively were coupled with 
the both edges of the top of the Y-shaped channel using 
a Teflon tube. Preparation was made so that the reagent 
concentration equaled a concentration defined for the 
reagent kit when the coloring reagent was mixed with 
the dilute standard serum at the flow ratio of 1 : 1 . That is. 
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the coloring reagent was dissolved using a half of the 
defined quantity of buffer, and a standard serum pre- 
pared using a nnethod in accordance with Example 1 
was diluted with the buffer by a factor of 75 times. A 
syringe pump (manufactured by Harvard Co., Ltd.) was 
used for liquid delivery, flow rates of each coloring rea- 
gent and dilute standard serum were equated, the flow 
velocity was adjusted so that reaction time after mixing 
was three minutes, and the solution was pumped 
towards the waste reservoir at the lower side of the Y- 
shaped channel. A copper plate and a sheet heater 
were placed under the chip and adjustments were made 
with a thermostat and a temperature controller so that 
the temperature was kept at 30°C. 
[02591 The result of the measurement of output by 
the thermal lens detection is shown in Figure 26. 

• Example 4 

[0260] Reaction for detection of total cholesterol 
was carried out using equipment and a chip similar to 
those in Example 3. except that the etectroosmotic flow 
was used as a method of liquid delivery and Cholesterol 
E-HA Test Wako of Waco Co., Ltd. was used as a 
detecting reagent. At each edge of the Y-shaped chan- 
nel (Rgure 23), a cylindrical reservoir whose height and 
diameter was about 6 mm and 4 mm, respectively, was 
placed on the chip surface at the side opposite to 
grooves via a through-hole. Then, for the purpose of 
augmentation of the electroosomotic flow and cleaning, 
etc. of the inner surface of the capillary of the chip, the 
inside of the capillary is filled with 1 N-NaOH solution 
(Wako Chemical Co.. Ltd.), and is heated at 60*'C for 
twenty four hours. After that, the inside of the capillary 
washed with purified water (Kyoei Phamriaceutical Co., 
Ltd.) using pH as an indicator until neutralization 
achieved, and is dried. 

[0261] Then, the plane plate member is laminated 
with a covering plate (plane plate member) having same 
size as the aforesaid plane plate member and thickness 
of 200 Jim using adhesive to form a capillary. Then, in 
order that it can also be used to supply electric potential 
for liquid delivery, wiring, electrodes for liquid reservoirs 
and an electrode for connection of power source termi- 
nals are printed with a conductive ink (MSP-600F, man- 
ufactured by Mitsui Chemical Co., Ltd.) containing silver 
particles on the opposite side (side with through-holes) 
of the plane plate member to complete a chip (Figure 
24). Furthermore, the reservoir is formed into a shape of 
taper so that printing can be made on the inner wall 
without tilting the chip. 

[0262] Rgure 25 is a sectional view of the c-c* In 
Figure 1 9. 

[0263] The enzyme solution A and the dilute stand- 
ard serum prepared with a method in accordance with 
Example 1 were mixed in advance and made to react at 
37°C for five minutes, and were then put in the reservoir 
319 at the upper side of the Y-shaped channel. Then, 
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the enzyme solution B is put in the reservoir 320 at 
another end of the upper edge. Preparation was made 
so that the concentration of the reagent equaled a con- 
centration defined for the reagent kit when the solution 

5 in the reservoir 319 was mixed with the solution in the 
reservoir 320 at the ratio of 1 :1 . The lower end of the Y- 
shaped was used as a waste reservoir, the channel and 
the waste reservoir were filled with a buffer for dissolu- 
tion of the enzyme solution A attached with the reagent 

70 kit, and the height of the liquid level was adjusted so that 
difference in the liquid level for each reservoir was elim- 
inated. A platinum wire electrode was put in each reser- 
voir, voltage was applied to the electrodes of the 
reservoir 319 for the sample and enzyme solution A and 

15 those of the reservoir 320 for the enzyme solution B 
while keeping the waste reservoir at 0 V, with the condi- 
tion of forming 25 V/cm of potential gradient as basics, 
and the voltage was adjusted so that the ratio of the flow 
rate from the reservoir 319 to the reservoir 321 to the 

20 flow rate from the reservoir 320 to the reservoir 321 was 
1:1. 

As for temperature, the room temperature (26'*C) was 
adopted for the convenience of experiments. 
[0264] The result of the measurement of output by 
25 the thermal lens detection is shown in Figure 27. 

INDUSTRIAL APPLICABILITY 

[0265] The analyzer of the present invention is an 
30 analyzer composed of a chip made of organic polymer 
having fine capillaries through which fluid flows, with 
good mass-producibiltty and handling property and a 
photothermal detector that has high sensitivity and is 
easily downsized, thus making it possible to provide an 
35 analyzer that is excellent in disposability of chips, is 
capable of analyzing inexpensively, simply and in a 
short time, and is suitable for POC analyses, etc. 

Claims 

40 

1 . An analyzer making a fluid sample or a fluid sample 
and a fluid reagent flow through a capillary and 
analyzing a predetermined component in said sam- 
ple or a mixed fluid of said sample and said rea- 
45 gent, characterized in that said analyzer comprises: 

a chip that is at least partially made of organic 
polymer and provided with said capillary, and 
a photothermal conversion detector irradiating 
so said predetermined component with an excita- 

tion light and measuring a change in physical 
quantity due to the resulting partial change of 
temperature inside said capillary. 

55 2. The analyzer according to claim 1 , characterized in 
that said chip is made by laminating a pair of plane 
plate members at least one of which comprises a 
groove on its plate surface and at least one of which 
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is made of organic polymer with said plate surface 
comprising said groove being at the inner side 
thereof. 

3. The analyzer according to claim 1 or 2, character- 
ized in that said change in physical quantity is a 
change in refractive index, and said photothermal 
conversion detector is an equipment irradiating a 
thermal lens formed by said change in refractive 
index with a detection light and measuring a 
change of said detection light caused by said ther- 
mal lens. 

4. The analyzer according to any of claims 1 to 3, 
characterized in that a member constituting said 
chip do not substantially cause a photothermal con- 
version effect by absorbing said excitation light. 

5. The analyzer according to claim 4, characterized in 
that absorptance of said excitation light by said 
member constituting said chip is 5% or less. 

6. The analyzer according to any of claims 1 to 5, 
characterized in that a condensed degree of said 
excitation light is adjusted in advance so that the 
partial change of temperature inside said capillary 
occurs in a range such that a concentration sensi- 
tivity sufficient for analyzing said predetermined 
component is obtained. 

7. The analyzer according to claim 6, characterized in 
that the condensed degree of said excitation light is 
adjusted with a numerical aperture of an objective 
fens for irradiating said capillary with said excitation 
light. 

8. The analyzer according to any of claims 1 to 7, 
characterized in that said capillary has a sample 
channel through which said sample flows and a 
channel where said measurement is carried out, 
and further has at least one reagent mixing means 
between said sample channel and the channel 
where said measurement is carried out. 



a flow rate adjusting mechanism adjusting the 
flow rates in said sample channel and said rea- 
gent channel in accordance with said mixing 
ratio is further comprised. 

5 

9. The analyzer according to claim 8, characterized in 
that said capillary makes said sample and said rea- 
gent flow continuously, and said mixing channel is a 
channel long enough for the fluids merged at a 

10 merging point just before the channel to flow in a 
predetermined flow rate for a time required tor com- 
pleting a predetermined mixing and reaction. 

10. The analyzer according to any of claims 1 to 9, 
75 characterized in that a voltage is applied to said 

sample, or voltages are applied to said sample and 
said reagent separately, thereby making said sam- 
ple or said sample and said reagent flow. 

20 11. The analyzer according to any of claims 1 to 10. 
characterized in that said sample is a sample origi- 
nated from a biological material. 

12. The analyzer according to claim 2, characterized in 
25 that said at least one of a pair of plane plate mem- 
bers is a plane plate member made of organic pol- 
ymer that is molded by means of one of 
compression molding, embossing molding, injec- 
tion molding, injection molding in which a glass 
30 transition temperature of a resin is towered In the 
presence of a gas, injection compression molding 
and injection molding using mold surface heating by 
electromagnetic induction or a combination thereof. 

35 13. The analyzer according to claim 12. characterized 
in that a gas used in said injection molding in which 
a glass transition temperature of a resin is lowered 
In the presence of a gas Is carbon dioxide. 

40 



said reagent mixing means is constituted by at 4S 
least one reagent channel through which said 
reagent flows, a merging point of a fluid coming 
from said sample channel side and said rea- 
gent coming from said reagent channel, and a 
mixing channel provided downstream of said so 
merging point, in which the fluid coming from 
said sample channel side and said reagent 
coming from said reagent channel are mixed at 
a predetermined ratio and are made to react for 
a predetermined time, ss 
if a plurality of said reagent mixing means are 
provided, each reagent mixing means is placed 
in series with each other, and 
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